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TABLE 1-1, Selection and Properties of Aircraft Wood. (See notes following table.) (continued)

2. Defects Not Permitted.

a. Cross grain. Not acceptable, unless within limitations noted in 1a.

b. Wavy, curly, and interiocked grain. Not acceptable, unless within limitations noted in 1b.

c. Hard knots. Not acceptable, unless within limitations noted in 1c.

d. Pin knot clusters. Not acceptable, if they produce large effect on grain direction.

e. Spike knots. These are knots running completely through the depth of a beam perpendicular to the annual
rings and appear most frequently in quarter-sawed lumber. Reject wood containing this defect.

f. Pitch pockets. Not acceptable, unless within limitations noted in 1e.

g- Mineral streaks. Not acceptable, if accompanied by decay (see 1f).

h. Checks, shakes, and splits. Checks are longitudinal cracks extending, in general, across the annual rings.
Shakes are longitudinal cracks usually between two annual rings. Splits are longitudinal cracks induced by artifi-
cially induced stress. Reject wood containing these defects.

i. Compression wood. This defect is very detrimental to strength and is difficult to recognize readily. It is char-
acterized by high specific gravity, has the appearance of an excessive growth of summer wood, and in most species
shows little contrast in color between spring wood and summer wood. In doubtful cases reject the material, or sub-
ject samples to toughness machine test to establish the quality of the wood. Reject all material containing compres-
sion wood.

j. Compression failures. This defect is caused from the wood being overstressed in compression due to natu-
ral forces during the growth of the tree, felling trees on rough or irregular ground, or rough handling of logs or lumber.
Compression failures are characterized by a buckling of the fibers that appear as streaks on the surface of the piece
substantially at right angles to the grain, and vary from pronounced failures to very fine hairlines that require close
inspection to detect. Reject wood containing obvious failures. In doubtful cases reject the wood, or make a further
inspection in the form of microscopic examination or toughness test, the latter means being the more reliable.

k. Decay. Examine all stains and discoloration carefully to determine whether or not they are hammless, or in a
stage of preliminary or advanced decay. All pieces must be free from rot, dote, red heart, purple heart, and all other
forms of decay.

fittings and wire bracing and checking or FEATHERED END
splitting of wood members. A few suggestions
for minimizing these shrinkage effects are:

(1) Use bushings that are slightly short
so that when the wood member shrinks the
bushings do not protrude and the fittings may
be tightened firmly against the member.

FIGURE 1-2. Tapering of faceplate.

(2) Gradually drop off plywood face-

plates by feathering as shown in figure 1-2. facturer requires specialized strength or dura-

bility characteristics.

(3) Thoroughly seal all wood surfaces,
particularly end grain and bolt holes, with var-
nish, epoxy, or other acceptable sealer to slow
or prevent moisture changes in the member.
(See Section 5. Finishing Wood Structures.)

1-4. ADHESIVES. Because of the critical
role played by adhesives in aircraft structure,
the mechanic must employ only those types of
adhesives that meet all of the performance re-
quirements necessary for use in certificated
1-3. MODIFIED WOOD PRODUCTS. civil aircraft. Use each product strictly in ac-
The most common forms of modified woods cordanc,e ‘,”ith the. aircraft and adhesive manu-
found in aircraft construction are plywood. facturer’s instructions.

Although not a wood product, Phenolic parts
are sometimes incorporated into structures.
These products are used whenever the manu-

a. Adhbesives acceptable to the FAA can
be identified in the following ways:
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(1) Refer to the aircraft maintenance or
repair manual for specific instructions on ac-
ceptable adhesive selection for use on that type
aircraft. ‘

(2) Adhesives meeting the requirements
of a Military Specification (Mil Spec), Aero-
space Material Specification (AMS), or Tech-
nical Standard Order (TSO) for wooden air-
craft structures are satisfactory providing they
are found to be compatible with existing
structural materials in the aircraft and the fab-
rication methods to be used in the repair.

b. Common types of adhesives that are
or have been used in aircraft structure fall into
two general groups: casein and synthetic-
resins. Adhesive technology continues to
evolve, and new types (meeting the require-
ments of paragraph 1-4a) may become avail-
able in the future.

(1) Casein adhesive performance is
generally considered inferior to other products
available today, modern adhesives should be
considered first.

CAUTION: Casein adhesive deterio-
rates over the years after exposure to
moisture in the air and temperature
variations. Some modern adhesives
are incompatible with casein adhesive.
If a joint that has previously been
bonded with casein is to be rebonded
with another type adhesive, all traces
of the casein must be scraped off be-
fore the new adhesive is applied. If
any casein adhesive is left, residual al-
kalinity may cause the new adhesive to
fail to cure properly.

(2) Synthetic-resin adhesives comprise
a broad family which includes plastic resin
glue, resorcinol, hot-pressed Phenol, and ep-
oxy.
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(3) Plastic resin glue (urea-formalde-
hyde resin glue) has been used in wood aircraft
for many years. Caution should be used due to
possible rapid deterioration (more rapidly than
wood) of plastic resin glue in hot, moist envi-
ronments and under cyclic swell-shrink stress.
For these reasons, urea-formaldehyde should
be considered obsolete for all repairs. Any
proposed use of this type adhesive should be
discussed with the appropriate FAA office
prior to using on certificated aircraft.

(4) Federal Specification MMM-A-
181D and Military Specification MIL-A-
22397 both describe a required series of tests
that verify the chemical and mechanical prop-
erties of resorcinol. Resorcinol is the only
known adhesive recommended and approved
for use in wooden aircraft structure and fully
meets necessary strength and durability re-
quirements. Resorcinol adhesive (resorcinol-
formaldehyde resin) is a two-part synthetic
resin adhesive consisting of resin and a hard-
ener. The appropriate amount of hardener (per
manufacturer’s instruction) is added to the
resin, and it is stirred until it is uniformly
mixed; the adhesive is now ready for immedi-
ate use. Quality of fit and proper clamping
pressure are both critical to the achievement of
full joint strength. The adhesive bond lines
must be very thin and uniform in order to
achieve full joint strength.

CAUTION: Read and observe mate-
rial safety data. Be sure to follow the
manufacturer’s instructions regarding
mixing, open assembly and close as-
sembly times, and usable temperature
ranges.

(5) Phenol-formaldehyde adhesive is
commonly used in the manufacturing of air-
craft grade plywood. This product is cured at
elevated temperature and pressure; therefore, it
is not practical for use in structural repair.
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GRAIN DIRECTION OF SKIN, PATCH,

AND DOUBLER. e
AW CUT IN DOUBLER,
- oo, > BUTT JOINT OF PATCH
! N JO SKIN.
' N\
/ ' o INNER EDGE OF
/ J \ DOUBLER.
// . \

NAIL HOLES -

SCREW HOLES -
TO BE FILLED BEFORE FINISHING .

BUTT JOINT OF PATCH TO SKIN PLUG PATCH

PLYWOOD SKIN L SAW CUT IN DOUBLER PLYWOOD DOUBLER

(LAMINATE DOUBLER FROM TWO
PIECES OF 1/8” PLY IN AREAS OF

SKIN CURVATURE.
DIMENSIONS

A B C
SMALL CIRCULAR PLUG PATCH 258 | 2 | 138
LARGE CIRCULAR PLUG PATCH 3ms | 3| 218

(TWO ROWS OF SCREWS AND NAILS REQUIRED
FOR LARGE PATCH)

FIGURE 1-18. Round plug patch assembly.

1-§3.—1-63. [RESERVED.]
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AIRCRAFT VELOCITY NEVER EXCEED (vne)
SPEEOD, MILES PER HOUR

230 300

FIGURE 2-12. Fabric attachment spacing

b. When the original lace spacing on the
empennage surfaces and fuselage, is not
known, a maximum spacing of two times the
spacing shown in figure 2-12 for the slipstream
area (prop wash) on the wings may be used.

¢. The installations of fabric attach-
ments such as screws, rivets, wire clips, and
rib lacing should be delayed until the fabric is
stabilized and pulled taut with dope. This ac-
tion is delayed to avoid pulling wing ribs and
other structures out of alignment or tearing the
fabric at attachment points as the fabric be-
comes taut. All lacing should be installed ad-
jacent to the structure to which the fabric is
being laced, to avoid tearing the fabric and/or
creating slack in the cord loop when a load is
applied. Where plastic washers were used by
the aircraft manufacturer to provide increased
pull-through resistance, under the heads of riv-
ets or screws, the same diameter aluminum
washer may be used as replacement. Alumi-
num washers are used because they are not

Par 2-11

affected by solvents found in adhesives or
dopes, nor do they become brittle because of
age or cold weather.

2-12. FASTENERS. Several light aircraft
designs employ screws, rivets, or single-wire
metal clips to secure the fabric to the wing.

a. Screws holding the old fabric can be
removed after spinning a small sharpened tube
around each screw or using a razor blade to cut
and peel away the finishing tape. Care must
be taken not to mark or scribe the underlying
metal or wood structure. Blind rivets through
ribs can be removed by drilling in the center to
undercut the head.

b. Single-wire clips may be removed
without damage to the rib by inserting a wide,
thin screwdriver blade under the clip and care-
fully twisting. Apply a lifting force at the clip
end to pull it up through the hole.
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NOTE: It is important that any dam-
age found to ribs, such as oversize
rivet or screw holes, and cracks or
breaks in the rib cap, should be
tagged immediately for easy location
and repair later.

c. When repairs are made to fabric sur-
faces attached by special mechanical methods,
duplicate the original type of fastener. When
self-tapping screws are used for the attachment
of fabric to the rib structure, observe the fol-
lowing procedure:

(1) Redrill the holes where necessary
due to wear, distortion, etc., and in such cases,
use a screw one size larger as a replacement.

(2) Extend the length of the screw be-
yond the rib capstrip at least two threads.

(3) Install a thin washer, preferably
aluminum, under the heads of screws and dope
pinked-edge tape over each screw head.

2-13. FINISHING TAPE.

a. Finishing tape (surface tape) is in-
stalled after the fabric has been pulled taut
with the initial dope application. This proce-
dure is performed to prevent ripples from
forming in fabric panels adjacent to newly ap-
plied tapes. Ripple formation is caused by the
inability of the combined tape and fabric to
tighten uniformly with adjacent fabric when
additional dope is applied.

b. In addition to the tape widths re-
quired to be installed over fabric seams speci-
fied in paragraph 2-7, finishing tape should be
installed as weather protection over all rib
lacing, screws, rivets, wire clips, or other de-
vices used to secure fabric. This includes
wings, control surface ribs, empennage surface
ribs, and fuselage stringers, where so installed
by the original aircraft manufacturer. Tape
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width should be sufficient to bond the fabric a
minimum of 3/8 inch on each side of all fabric
attachments. Two inch width tape is normally
used. Tapes over wing rib lacing should ex-
tend a minimum of 1/2 inch past each end of
any reinforcing tapes. Random or widely-
spaced attachments may be covered by indi-
vidual sections of fabric or finishing tape.

c. Installation of finishing tapes for ad-
ditional wear resistance is recommended over
the edges of all fabric-forming structures. This
includes fuselage stringers, longerons, leading
and trailing edges, false or nose ribs, control
surfaces, and empennage ribs not already cov-
ered and protected by a finishing tape that is
required to be on a fabric seam or fabric at-
tached to the structure. Compound surfaces,
such as wingtip bow and empennage surfaces,
are more conveniently taped using bias cut
finishing tape, which easily conforms to the
compound contour, rather than notching linear
cut tape to fit the surface. Bias cut tape will be
reduced to approximately two thirds the origi-
nal cut width when pulled tight around a
wingtip bow and should be considered when
selecting the width of tape for the various lo-
cations.

d. Finishing tapes are applied by coating
the fabric surface over which the tape will be
applied with dope, applying the tape over the
wet dope film, then brushing the tape firmly
onto the fabric surface. This action will assure
a good bond by thoroughly saturating and
wetting the finishing tape.

2-14. INSPECTION RINGS AND DRAIN
GROMMETS.

a. Inspection Rings. Inspection access is
provided adjacent to or over every control
bellcrank, drag-wire junction, cable guide,
pulley, wing fitting, or any other component
throughout the aircraft which will be inspected
or serviced annually. They are installed only
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on the bottom side of the wings except where
installed on the top surface by the original
manufacturer.

(1) Cutting the holes may be delayed
until needed; however, all covers should be
finished in matching colors with any trim lines
and stored until needed. Spraying matching
colors a year later is expensive and time con-
suming.

(2) The 3-9/16inch inside diameter
cellulose acetate butyrate (CAB) plastic in-
spection access rings have become popular and
bond satisfactorily with Nitrate Dope or Fabric
Cement. Any metal inspection hole rein-
forcements of a particular shape or special de-
sign or size, installed by the original manu-
facturer, should be reinstalled after cleaning.

(3) Tapes or patches over aluminum
reinforcements are optional, but recommended
in the prop-wash areas on the wings and for-
ward fuselage bottom.

(4) Fabric patches over plastic rings are
strongly recommended because plastic is not a
stable material, becomes brittle at low tem-
peratures, and fatigues and cracks from prop
blast vibration. Plastic rings are often cracked
during removal and installation of spring, clip-
held covers. Patches with a minimum 1-inch
overlap, should be installed with dope.

b. Drain Grommets. Atmospheric tem-
perature changes cause the humidity in the air
to condense on the inside of aircraft surfaces
and pool in all low areas. Rainwater enters
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through openings in the sides and top, and
when flying, everywhere throughout the
structure.  Taxiing on wet runways also
splashes water up through any bottom holes.
Therefore, provisions must be made to drain
water from the lowest point in each fabric
panel or plywood component throughout the
airframe while in a stored attitude. Drain holes
also provide needed ventilation.

(1) Install drain grommets on the under
side of all components, at the lowest point in
each fabric panel, when the aircraft is in stored
attitude. Seaplane grommets, which feature a
protruding lip to prevent water splashes
through the drain hole, are recommended over
drain holes subject to water splashing on land
planes as well as seaplanes. The appropriate-
size holes must be cut through the fabric be-
fore installing seaplane grommets. Plastic
drain grommets may be doped directly to the
fabric surface or mounted on fabric patches
then doped to the covering. Installing a small
fabric patch over flat grommets to ensure secu-
rity is optional. Alternate brass grommets are
mounted on fabric patches, then doped to the
fabric.

(2) After all coating applications and
sanding are completed, open all holes through
flat drain grommets by cutting through the fab-
ric with a small-blade knife. Do not attempt to
open drain holes by punching with a sharp
object because the drain hole will not remain

open.

2-15.—2-19. [RESERVED.]
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identify the manufacturers’ products sold un-
der proprietary trade names may or may not
have a fungicidal additive.

(5) The viscosity of the dope should be
adjusted to uniformly wet the fabric, indicated
by the fabric becoming translucent so that it
penetrates through the fabric but does not drip
or run down the opposite side. Any dope-runs
or pooling on the opposite side will shrink and
distort the fabric, and may be visible on the
finished surface.

(6) The ideal temperature for application
of dope or other coatings is 65 to 75 F and the
humidity should be less than 65 percent. Asa
general rule, each 10 F increase or decrease in
ambient temperature will increase or decrease
drying time by 100 percent. Dope should be
allowed to warm to room temperature prior to
attempting to adjust the viscosity.

b. Step 2. Depending upon the quality of
the dope and the ratio of thinning, the fabric
should start to become taut after the first
brushed coat of dope has dried approximately
1 hour at 70 °F. A second, heavier coat is ap-
plied by cross brushing at 90°F to the first
coat. Viscosity should be adjusted only as
necessary to brush out a heavy uniform coat.
If the fabric is not taut, with all sag removed,
after the second coat has dried approximately
2 hours, a third coat may be applied.

c. Step 3. After the fabric has become
semi-taut and stabilized with the initial dope
application, and the rib lacing and other fabric
attachments are completed as detailed in para-
graphs 2-9 through 2-12, it is ready for
“dressing out” as described in paragraphs 2-13
and 2-14.

d. NOTE: “Dressing out” means applying
all the finishing tapes, reinforcing patches, in-
spection access ports, and drain grommets, etc.
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e. Step 4. After the covering is a dressed
out, one or more coats of clear dope are
brushed over all finishing tapes and fabric re-
inforcing patches. This will balance the thick-
ness of the dope film with the previously
coated areas of the fabric. It is very important
that the porosity of the fabric be filled while
brushing to avoid pinholes showing in the fin-
ish.

f. Step 5. After drying at least 2 hours at
70 °F, a third heavy coat of clear dope is ap-
plied over the entire surface, preferably with a
paint spray gun if brush marks are to be
avoided. After the third coat of dope has dried
at least 2 hours at 70 °F, the fabric should be
taut and the dope film should show a gloss,
depending upon the dope quality and the ratio
of thinner added. If not, a fourth coat of clear
dope may be applied, in the same manner as
the third coat.

NOTE: Three to four clear coats of
dope film showing a uniform gloss
combined with the aluminum-
pigmented coats and finish coats is
considered satisfactory for light air-
craft up to 9 lb. per square foot wing
loading. Five to eight clear coats, de-
pending upon the quality of the dope
and resulting film thickness, are rec-
ommended for higher wing loading
aircraft to assure the covering does
not stretch and lose tension.

g. Step 6. After the clear coats are found
to be satisfactory, two heavy cross-coats of
aluminum-pigmented dope are applied with a
spray gun to provide protection from ultravio-
let (UV) rays. Tests have shown that UV ra-
diation will deteriorate cotton, linen, and poly-
ester fabric; however, polyester fabric deterio-
rates at a rate half that of cotton or linen under
identical exposure conditions. UV radiation
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does not deteriorate glass fabric. Aluminum-
pigmented dope blocks UV radiation and pro-
vides a sanding base. A gauge of ultraviolet
protection in the field is to block all visible
light from penetrating through the fabric.
Drying time between the two coats should be

at least 1 hour at 70 °F.

(1) An option to premixed aluminum
dope is to use aluminum-pigment paste. Alu-
minum paste should be prepared per the manu-
facturer’s instructions. If no manufacturer’s
instructions are available, mix 3 ounces (by
weight), of 325-mesh aluminum-pigment
paste, to 1 gallon of unthinned, clear dope.
The aluminum paste should first be mixed to a
cream consistency with a 50/50 ratio of dope
and thinner before mixing into the unthinned
clear dope. A higher ratio of aluminum-
pigment added to the dope may cause a loss of
primer-coat and finish-coat adhesion, and
peeling may occur especially when high tack
tape is used to mask for the trim colors and
registration numbers.

(2) The viscosity of the mixed alumi-
num-pigmented dope should be adjusted for
satisfactory spray gun application.

h. Step 7. After two coats of aluminum-
pigmented dope have dried at least 4 hours at
70 °F, the surface may be wet sanded with
#280 grit (or finer) waterproof sandpaper.
The aluminum-pigmented dope should be
sanded only to develop a smooth surface, not
sanded completely off to the clear dope under-
coats. Do not sand over screwheads, rib lac-
ing, or any structural sharp edges that will
quickly cut through fabric and require patch-
ing. Additional coats of aluminum-pigmented
dope may be applied and sanded, depending
on the final finish desired. The last coat
should not be sanded to assure ultraviolet
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protection along the edges of the finishing
tapes and reinforcing patches is maintained.

i. Step 8. Three coats of pigmented color
finish are applied with a paint spray gun, al-
lowing adequate drying time between coats.
The color finish may be wet sanded between
coats, if desired, with a fine grit waterproof
sandpaper. Adding blush retarder to the final
dope finish will improve the gloss. After dry-
ing several weeks, a rubbing compound may
be used to buff the finish and increase the
gloss. A periodic application of a wax polish
will help protect the finish from the weather
and environmental pollution.

NOTE: Drain holes should be opened
soon after all finishing is complete to
insure drainage and to aid ventilation
of the structure.

(1) When exposed to the sun, dark col-
ors absorb more sun energy and convert that
energy to heat more easily than light colors.
High temperatures dry out wood structures and
deteriorate organic materials in an aircraft
structure. Preferably the lighter color shades
are applied first and then overcoated with
darker trim and registration number colors.

(2) Only high-quality, solvent-resistant
crepe paper or polypropylene masking tape
should be used to avoid finish bleed under the
tape edge. Newspaper printing ink may trans-
fer to a fresh finish and should not be used for
masking paper. Plastic sheeting should not be
used as a dust cover on a fresh finish due to
possible bonding and damage.

2-22. COVERING OVER PLYWOOD.

Exposed, stressed plywood surfaces, such as
wings, must be protected from weather
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SECTION 3. INSPECTION AND TESTING

2-30. GENERAL. All components of the
covering should be inspected for general con-
dition. Loose finishing tape and reinforcing
patches; chafing under fairings; brittle, crack-
ing, peeling, or deteriorated coatings; fabric
tears and rock damage; broken or missing rib
lacing; and rodent nests are unacceptable. The
entire fabric covering should be uniformly taut
with no loose or wrinkled areas, or excess ten-
sion which can warp and damage the airframe.

a. Excess Tension. There are no methods
or specifications for measuring acceptable fab-
ric tension other than observation. Excess ten-
sion may warp critical components, such as
| longerons, wing rib, and trailing edges out of
position, weakening the airframe structure.

(1) Excess tension with cotton, linen,
and glass fiber fabric covering is usually
caused by excessive dope film on a new cov-
ering, or continuous shrinking of an originally
satisfactory dope film as the plasticizers mi-
grate from the dope with age. Heat from sun
exposure accelerates plasticizer migration.

(2) Excess tension with polyester fabric,
coated with dope, is usually caused by the
combined tension of the heat tautened polyes-
ter fabric and continuous shrinking of the dope
film as the plasticizers migrate from the dope
with age.

b. Loose Fabric. Fabric that flutters or
ripples in the propeller slipstream, balloons, or
is depressed excessively in flight from the
static position, is unacceptable.

(1) Loose or wrinkled cotton, linen, and
glass fabric covering may be caused by inade-
quate dope film; poor quality dope; fabric in-
stalled with excess slack; or by a bent, broken,
or warped structure.
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(2) Loose or wrinkled polyester fabric
covering, finished with coatings other than
dope, may be caused by inadequate or exces-
sive heat application; excess slack when the
fabric was installed; or bent or warped struc-
ture. Polyester fabric which does not meet air-
craft quality specifications will very likely be-
come loose after a short period of time.

(3) Glass fabric covering should be
tested with a large suction cup for rib lacing
cord failure and reinforcing tape failure caused
by chafing on all wing ribs and other structural
attachments throughout the airframe. Particu-
lar attention should be given to the area within
the propeller slipstream. If failure is indicated
by the covering lifting from the static position,
the rib lacing cord and reinforcing tape must
be reinstalled with double the number of origi-
nal laces.

NOTE: Temporary wrinkles will de-
velop in any fabric coated and fin-
ished with dope, when moisture from
rain, heavy fog, or dew is absorbed
into a poor-quality dope film, causing
the film to expand. Temporary wrin-
kles may also develop with any type of
thick coatings, on any type of fabric,
when an aircraft is moved from a cold
storage area to a warm hangar or
parked in the warming sunshine,
causing rapid thermal expansion of
the coating.

c¢. Coating Cracks. Fabric exposed
through cracks in the coating may be initially
tested for deterioration by pressing firmly with
a thumb to check the fabric’s strength. Natural
fibers deteriorate by exposure to ultraviolet ra-
diation, mildew, fungus from moisture, high
acid-content rain, dew, fog, pollution, and age.
Polyester filaments will deteriorate by expo-
sure to UV radiation.
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(1) Glass fabric will not deteriorate
from UV exposure, but will be deteriorated by
acid rain, dew fallout, and chaffing if loose in
the prop blast area.

(2) Cotton, linen, and glass fabric cov-
erings are dependent solely on the strength and
tautening characteristics of the dope film to
carry the airloads. Dope coatings on heat-
tautened polyester fabric will also absorb all
the airloads because the elongation of polyes-
ter filaments are considerably higher than the
dope film. Polyester fabric that is coated with
materials other than dope, is dependent solely
on the heat tautening and low-elongation char-
acteristics of the polyester filaments to develop
tension and transmit the airloads to the air-
frame without excess distortion from a static
position.

(3) Cracks in coatings will allow any
type of exposed fabric to deteriorate. Cracks
should be closed by sealing or removing the
coatings in the immediate area and replace
with new coatings, or recover the component.

2-31. FABRIC IDENTIFICATION.
Cotton Fabric meeting TSO-C15 or TSO-C14
can be identified by an off-white color and
thread count of 80 to 94 for TSO-C14b and
80 to 84 for TSO-C15d in both directions.

a. Aircraft linen conforming to British
specification 7F1 may be identified by a
slightly darker shade than cotton fabric and ir-
regular thread spacing. The average thread
count will be about the same as Grade A fabric
(TSO-C15d). The non-uniformity of the linen
thread size is also noticeable, with one thread
half the size of the adjacent thread. When
viewed under a magnifying glass, the ends of
the cotton and linen fiber nap may be seen on
the backside. The nap is also seen when the
coating is removed from the front or outside
surface. A light-purple color showing on the
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back side of cotton or linen fabric indicates a
fungicide was present in the dope to resist de-
terioration by fungus and mildew.

b. Polyester fabric conforming to
TSO-C14b or TSO-C15d is whiter in color
than cotton or linen. The fabric styles adapted
for use as aircraft covering have a variety of
thread counts, up to ninety-four (94), depend-
ing on the manufacturing source, weight, and
breaking strength. Polyester is a monofilament
and will not have any nap or filament ends
showing.

¢. Glass fabric is manufactured white in
color, and one source is precoated with a blue-
tinted dope as a primer and to reduce weave
distortion during handling. Thread count will
be approximately 36 threads per inch. Glass
fabrics are monofilament and will not have any
nap or filament ends showing unless they are
inadvertently broken.

d. When a small fabric sample can be
removed from the aircraft and all the coatings
removed, a burn test will readily distinguish
between natural fabric, polyester, and glass
fabric. Cotton and linen will burn to a dry ash,
polyester filaments will melt to a liquid and
continue burning to a charred ash, and glass
filaments, which do not support combustion,
will become incandescent over a flame.

2-32. COATING IDENTIFICATION.

Nitrate or butyrate dope must be used to de-
velop tension on cotton, linen, and glass fab-
rics. When a small sample can be removed,
burn tests will distinguish nitrate dope-coated
fabric from butyrate dope-coated fabric by its
immediate ignition and accelerated combus-
tion. Butyrate dope will burn at less than
one-half the rate of nitrate dope. Coating types
other than nitrate or butyrate dope may have
been used as a finish over dope on cotton,
linen, and glass fiber fabric coverings.
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CHAPTER 4. METAL STRUCTURE, WELDING, AND BRAZING

SECTION 1. IDENTIFICATION OF METALS

4-1. GENERAL. Proper identification of
the aircraft structural material is the first step
in ensuring that the continuing airworthiness
of the aircraft will not be degraded by making
an improper repair using the wrong matenials.

a. Ferrous (iron) alloy materials are
generally classified according to carbon con-
tent. (See table 4-1.)

TABLE 4-1. Ferrous (iron) alloy materials.

MATERIALS CARBON CONTENT
Wrought iron Trace to 0.08%

Low carbon steel 0.08% to 0.30%
Medium carbon steel 0.30% to 0.60%

High carbon steel 0.60% to 2.2%

Cast iron 2.3%to 4.5%

b. The strength and ductility, or tough-
ness of steel, is controlled by the kind and
quantity of alloys used and also by
cold-working or heat-treating processes used
in manufacturing. In general, any process that
increases the strength of a material will also
decrease its ductility.

¢. Normalizing is heating steel to ap-
proximately 150 °F to 225 °F above the steel’s
critical temperature range, followed by cooling
to below that range in still air at ordinary tem-
perature. Normalizing may be classified as a
form of annealing. This process also removes
stresses due to machining, forging, bending,
and welding. After the metal has been held at
this temperature for a sufficient time to be
heated uniformly throughout, remove the
metal from the furnace and cool in still air.
Avoid prolonging the soaking of the metal at
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high temperatures, as this practice will cause
the grain structure to enlarge. The length of
time required for the soaking temperature de-
pends on the mass of the metal being treated.
The soaking time is roughly 4 hour per inch of
the diameter of thickness (Ref: Military Tech
Order (T.0.) 1-1A-9).

4-2. IDENTIFICATION OF STEEL
STOCK. The Society of Automotive Engi-
neers (SAE) and the American Iron and Steel
Institute (AISI) use a numerical index system
to identify the composition of various steels.
The numbers assigned in the combined listing
of standard steels issued by these groups repre-
sent the type of steel and make it possible to
readily identify the principal elements in the
material.

a. The basic numbers for the four digit
series of the carbon and alloy steel may be
found in table 4-2. The first digit of the four
number designation indicates the type to which
the steel belongs. Thus, “1” indicates a carbon
steel, “2” a nickel steel, “3” a nickel chromium
steel, etc. In the case of simple alloy steels,
the second digit indicates the approximate per-
centage of the predominant alloying element.
The last two digits usually indicate the mean
of the range of carbon content. Thus, the des-
ignation “1020” indicates a plain carbon steel
lacking a principal alloying element and con-
taining an average of 0.20 percent
(0.18 to 0.23) carbon. The designation “2330”
indicates a nickel steel of approximately
3 percent (3.25 to 3.75) nickel and an average
of 0.30 percent, (0.28 to 0.33) carbon content.
The designation “4130” indicates a chromium-
molybdenum steel of approximately 1 percent
(0.80t0 1.10) chromium, 0.20 percent
(0.15 to 0.25) molybdenum, and 0.30 percent
(0.28 to 0.33) carbon.
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b. There are numerous steels with
higher percentages of alloying elements that
do not fit into this numbering system. These
include a large group of stainless and heat re-
sisting alloys in which chromium is an essen-
tial alloying element. Some of these alloys are
identified by three digit AISI numbers and
many others by designations assigned by the
steel company that produces them. The few
examples in table 4-3 will serve to illustrate
the kinds of designations used and the general
alloy content of these steels.

c. “1025” welded tubing as per Specification
MIL-T-5066 and “1025” seamless tubing con-
forming to Specification MIL-T-5066A are inter-
changeable.

4-3. INTERCHANGEABILITY OF
STEEL TUBING.

a. “4130” welded tubing conforming to
Specification MIL-T-6731, and “4130” seam-less
tubing conforming to Specification MIL-T-6736
are interchangeable.

b. NE-8630 welded tubing conforming to
Specification MIL-T-6734, and NE-8630
seamless tubing conforming to Specification
MIL-T-6732 are interchangeable.

4-4. IDENTIFICATION OF ALUMINUM.
To provide a visual means for identifying the
various grades of aluminum and aluminum
alloys, such metals are usually marked with
symbols such as a Government Specification
Number, the temper or condition furnished, or
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the commercial code marking. Plate and sheet
are usually marked with specification numbers
or code markings in rows approximately
5 inches apart. Tubes, bars, rods, and extruded
shapes are marked with specification numbers
or code markings at intervals of 3 to 5 feet
along the length of each piece.

The commercial code marking consists of a
number which identifies the particular compo-
sition of the alloy. In addition, letter suffixes
(see table 4-4) designate the basic temper des-
ignations and subdivisions of aluminum ailoys.

TABLE 4-2. Numerical system for steel identification.

TYPES OF STEELS NUMERALS
AND DIGITS

Plain carbon steel 10XX
Carbon steel with additional sutfur for easy 11XX
machining.

Carbon steel with about 1.75% manganese 13XX
.25% motybdenum. 40XX
1% chromium, .25% molybdenum 41XX
2% nickel, 1% chromium, .25% molybdenum 43XX
1.7% nickel, .2% molybdenum 48XX
3.5% nickel, .25% molybdenum 48XX
1% chromium sieeis 51XX
1% chromium, 1.00% carbon 51XXX
1.5% chromium steeis 52XX
1.5% chromium, 1.00% carbon 52XXX
1% chromium steel with .15% vanadium 61XX
.5% chromium, .5% nickel, .20% molybdenum B88XX

5% chromium, .5% nickel, .25% molybde- 87XX
num

2% silicon steels, .85% manganese 92XX
3.25% nickel, 1.20% chromium, .12% mo- 93xXX
lybdenum
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TABLE 4-3. Examples of stainless and heat-resistant steels nominal composition (percent)

ALLOY DESIGNATION CARBON CHROMIUM NICKEL OTHER GENERAL CLASS OF STEEL
302 0.15 18 9 Austenitic
310 0.25 25 20 Austenitic
krj) 0.08 18 11 Titanium Austenitic
347 0.08 18 1" Columbium or Austenitic
Tantalum
410 0.15 12.5 Martensitic, Magnetic
430 0.12 17 Ferritic, Magnetic
446 0.20 25 Nitrogen Fervitic, Magnetic
PH15-7 Mo 0.09 15 7 Molybdenum, Precipitation
Aluminum Hardening _
174 PH 0.07 18.5 4 Copper, Precipitation
Columbium Hardening
or Tantalum
Par 4-5
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TABLE 4-4. Basic temper designations and subdivisions from aluminum alloys.
NON HEAT-TREATABLE ALLOYS HEAT-TREATABLE ALLOYS

Temper Temper

Designation Definition Designation Definition

0 Annealed recrystalized (wrought products only) | -0 Annealed recrystaliized (wrought products only)
applies to softest temper of wrought products. applies to softest temper of wrought products.

-H1 Strain-hardened only. Applies to products which | -T1 Cooled from an elevated temperature shaping
are strain-hardened to obtain the desired strength process (such as extrusion or casting) and nal-
without supplementary thermal treatment. rally aged to a substantially stable condition.

-H12 Strain-hardened one-quarter-hard temper. -T2 Annealed (castings only).

-H14 Strain-hardened half-hard temper. -T3 Solution heat-treated and cold-worked by the

flattening or straightening operation.

-H16 Strain-hardened three-quarters-hard temper. -T36 Solution heat-treated and cold-worked by reduc-

tion of 6 percent

-H18 Strain-hardened full-hard temper. -T4 Solution heat-treated.

-H2 Strain-hardened and then partially annealed. Ap- | -T42 Solution heat-treated by the user regardiess of
plies to products which are strain-hardened more prior temper (applicable only to 2014 and 2024
than the desired final amount and then reduced in alioys).
strength to the desired level by partial annealing.

-H22 Strain-hardened and partially annealed to | -T5 Artificially aged only (castings only).
one-quarter-hard temper.

H24 Strain-hardened and partislly annealed to | -T6 Solution heat-treated and artificially aged.
half-hard temper.

-H26 Strain-hardened and partialy annealed to | -T62 Solution heat-treated and aged by user regard-
three-quarters-hard temper. less of prior temper (applicable only to 2014 and

2024 alloys).
-H28 Strain-hardened and partially annealed to ful-hard | -T351, Solution heat-treated and stress relieved by
temper. -T451, stretching to produce a permanent set of 1 to 3
-T3510, percent, depending on the product.
-T3511,
-T4510,
-T4511.

-H3 Strain-hardened and then stabilized. Applies to | -T851, Solution heat-treated, stress relieved by stretch-
products which are strain-hardened and then sta- | -T851, ing to produce a permanent set of 1 to 3 percent,
biized by a low temperature heating to slightty | -T6510, and artificially aged.
lower their strength and increase -T8510,
ductiity. -Té511,

-T8511.

-H32 Strain-hardened and then stabilized. Final temper | -T652 Solution heat-treated, compressed to produce a
is one-quarter hard. permanent set and then artificiaily aged.

-H34 Strain-hardened and then stabilized. Final temper | -T8 Solution heat-treated, cold-worked and then artifi-
is one-half hard. cially aged.

-H36 Strain-hardened and then stabilized. Final temper | -T/4 Solution heat-treated, cold-worked by the flatten-
is three-quarters hard. ing or straightening operation, and then artificialty

-H38 Strain-hardened and then stabllized. Final temper | -T86 Solution heat-treated, cold-worked by reduction of
is full-hard. 6 percent, and then artificially aged.

H112 As fabricated; with specified mechanical property | -T9 Solution heat-treated, artificially aged and then
limits. cold-worked.

£ For wrought alioys; as fabricated. No mechanical | -T10 Cooled from an elevated temperature shaping
properties imits. For cast alloys;, as cast. process artificially aged and then coid-worked.

-F For wrought alioys; as fabricated. No mechanical

rties limits. For cast alioys; as cast.

4-5. - 4-15. [RESERVED.]
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SECTION 4. METAL REPAIR PROCEDURES

4-50. GENERAL. The airframe of a fixed-
wing aircraft is generally considered to consist
of five principal units; the fuselage, wings,
stabilizers, flight control surfaces, and landing
gear.

a. Aircraft principal structural elements
(PSE) and joints are designed to carry loads by
distributing them as stresses. The elements
and joints as originally fabricated are strong
enough to resist these stresses, and must re-
main so after any repairs. Long, thin elements
are called members. Some examples of mem-
bers are the metal tubes that form engine
mount and fuselage trusses and frames, beams
used as wing spars, and longerons and string-
ers of metal-skinned fuselages and wings.
Longerons and stringers are designed to carry
principally axial loads, but are sometimes re-
quired to carry side loads and bending mo-
ments, as when they frame cutouts in
metal-skinned structures. Truss members are
designed to carry axial (tension and compres-
sion) loads applied to their ends only. Frame
members are designed to carry side loads and
bending moments in addition to axial loads.
Beam members are designed to carry side
loads and bending moments that are usually
large compared to their axial loads. Beams
that must resist large axial loads, particularly
compression loads, in combination with side
loads and bending moments are called
beam-columns. Other structural elements such
as metal skins, plates, shells, wing ribs, bulk-
heads, ring frames, intercostal members, gus-
sets, and other reinforcements, and fittings are
designed to resist complex stresses, sometimes
in three dimensions.

b. Any repair made on an aircraft struc-
ture must allow all of the stresses to enter,
sustain these stresses, and then allow them to
return into the structure. The repair must be
equal to the original structure, but not stronger
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or stiffer, which will cause stress concentra-
tions or alter the resonant frequency of the
structure.

c¢. All-metal aircraft are made of very
thin sheet metal, and it is possible to restore
the strength of the skin without restoring its ri-
gidity. All repairs should be made using the
same type and thickness of material that was
used in the original structure. If the original
skin had corrugations or flanges for rigidity,
these must be preserved and strengthened. If a
flange or corrugation is dented or cracked, the
material loses much of its rigidity; and it must
be repaired in such a way that will restore its
rigidity, stiffness, and strength.

4-5]1. RIVETED (OR BOLTED) STEEL
TRUSS-TYPE STRUCTURES. Repairs to
riveted structures may be made employing the
general principles outlined in the following
paragraphs on aluminum alloy structures. Re-
pair methods may also be found in text books
on metal structures. Methods for repair of the
major structural members must be specifically
approved by the Federal Aviation Administra-
tion (FAA).

4-52. ALUMINUM ALLOY STRUC-
TURES. Extensive repairs to damaged
stressed skin on monocoque-types of alumi-
num alloy structures must be made in accor-
dance with FAA-approved manufacturer’s in-
structions or other FAA-approved source.

a. Rivet Holes. Rivet holes are slightly
larger than the diameter of the rivet. When
driven, solid rivets expand to fill the hole. The
strength of a riveted joint is based upon the
expanded diameter of the rivet. Therefore, it is
important that the proper drill size be used for
each rivet diameter.
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(1) The acceptable drill size for rivets
may be found in Metallic Matenals and Ele-
ments for Flight Vehicle Structure
(MIL-HDBK-5).

(2) Avoid drilling oversized holes or
otherwise decreasing the effective tensile areas
of wing-spar capstrips, wing, fuselage, fin-
longitudinal stringers, or highly-stressed ten-
sile members. Make all repairs, or reinforce-
ments, to such members in accordance with
factory recommendations or with the specific
approval of an FAA representative.

b. Disassembly Prior to Repairing. If
the parts to be removed are essential to the ri-
gidity of the complete structure, support the
structure prior to disassembly in such a manner
as to prevent distortion and permanent damage
to the remainder of the structure. When rivets
are removed, undercut rivet heads by drilling.
Use a drill of the same size as the diameter of
the rivet. Drilling must be exactly centered
and to the base of the head only. After dnill-
ing, break off the head with a pin punch and
carefully drive out the shank. On thin or un-
supported metal skin, support the sheet metal
on the inside with a bucking bar. Removal of
rivet heads with a cold chisel and hammer is
not recommended because skin damage and
distorted rivet holes will probably resuit. In-
spect rivet joints adjacent to damaged structure
for partial failure by removing one or more
rivets to see if holes are elongated or the rivets
have started to shear.

¢. Effective Tools. Care must also be
taken whenever screws must be removed to
avoid damage to adjoining structure. When
properly used, impact wrenches can be effec-
tive tools for removal of screws; however,
damage to adjoining structure may result from
excessive vertical loads applied through the
screw axis. Excessive loads are usually related
to improperly adjusted impact tools or at-
tempting to remove screws that have seized
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from corrosion. Remove seized screws by
drilling and use of a screw extractor. Once the
screw has been removed, check for structural
cracks that may appear in the adjoining skin
doubler, or in the nut or anchor plate.

4-53. SELECTION OF ALUMINUM
FOR REPLACEMENT PARTS. All alumi-
num replacement sheet metal must be identical
to the original or properly altered skin. If an-
other alloy is being considered, refer to the in-
formation on the comparative strength proper-

ties of aluminum alloys contained in
MIL-HDBK-5.

a. Temper. The choice of temper de-
pends upon the severity of the subsequent
forming operations. Parts having single cur-
vature and straight bend lines with a large
bend radius may be advantageously formed
from heat-treated material; while a part, such
as a fuselage frame, would have to be formed
from a soft, annealed sheet, and heat-treated
after forming. Make sure sheet metal parts
which are to be left unpainted are made of clad
(aluminum coated) material. Make sure all
sheet material and finished parts are free from
cracks, scratches, kinks, tool marks, corrosion
pits, and other defects which may be factors in
subsequent failure.

b. Use of Annealed Alloys for Struc-
tural Parts. The use of annealed aluminum
alloys for structural repair of an aircraft is not
recommended. An equivalent strength repair
using annealed aluminum will weigh more
than a repair using heat-treated aluminum
alloy.

4-54. HEAT TREATMENT OF ALUMI-
NUM ALLOY PARTS. All structural alumi-
num alloy parts are to be heat-treated in accor-
dance with the heat-treatment instruction is-
sued by the manufacturers of the part. In the
case of a specified temper, the sequence of
heat-treating  operations set forth in
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¢. Rivet edge distance is defined as the
distance from the center of the rivet hole to the
nearest edge of the sheet. Rivet spacing is the
distance from the center of the rivet hole to the
center of the adjacent rivet hole. Unless
structural deficiencies are suspected, the rivet
spacing and edge distance should duplicate
those of the original aircraft structure. If
structural deficiencies are suspected, the fol-
lowing may be used in determining minimum
edge distance and rivet spacing.

(1) For single row rivets, the edge dis-
tance should not be less than 2 times the di-
ameter of the rivet and spacing should not be
less than 3 times the diameter of the rivet.

(2) For double row rivets, the edge dis-
tance and spacing should not be less than the
minimums shown in figure 4-5.

(3) For triple or multiple row rivets, the
edge distance and spacing should not be less
than the minimums shown in figure 4-5.

d. The 2117 rivets may be driven in the
condition received, but 2017 rivets above
3/16 inch in diameter and all 2024 rivets are to
be kept packed in dry ice or refrigerated in the
“quenched” condition until driven, or be reheat
treated just prior to driving, as they would oth-
erwise be too hard for satisfactory riveting.
Dimensions for formed rivet heads are shown
in figure 4-6(a), together with commonly
found rivet imperfections.

e. When solid shank rivets are impracti-
cal to use, then special fasteners are used.
Special fastening systems used for aircraft
construction and repair are divided into two
types, special and blind fasteners. Special
fasteners are sometimes designed for a specific
purpose in an aircraft structure. The name
“special fasteners” refers to its job requirement
and the tooling needed for installation. Use of
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special fasteners may require an FAA field ap-
proval.

f. Blind rivets are used under certain con-
ditions when there is access to only one side of
the structure. Typically, the locking charac-
teristics of a blind rivet are not as good as a
driven rivet. Therefore, blind rivets are usu-
ally not used when driven rivets can be in-
stalled.

Blind rivets shall not be used:

(1) in fluid-tight areas;

(2) on aircraft in air intake areas where
rivet parts may be ingested by the engine, on
aircraft control surfaces, hinges, hinge brack-
ets, flight control actuating systems, wing at-
tachment fittings, landing gear fittings, on
floats or amphibian hulls below the water
level, or other heavily-stressed locations on the
aircraft;

CAUTION: For metal repairs to the air-
frame, the use of blind rivets must be spe-
cifically authorized by the airframe manu-
facturer or approved by a representative of
the FAA.

(3) Self plugging friction-lock cherry
rivets. This patented rivet may be installed
when there is access to only one side of the
structure. The blind head is formed by pulling
the tapered stem into the hollow shank. This
swells the shank and clamps the skins tightly
together. When the shank is fully upset, the
stem pulls in two. The stem does not fracture
flush with the rivet head and must be trimmed
and filed flush for the installation to be com-
plete. Because of the friction-locking stem,
these rivets are very sensitive to vibrations.
Inspection is visual, with a loose rivet standing
out in the standard “smoking rivet” pattern.
Removal consists of punching out the friction-
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locked stem and then treating it like any other
rivet. (See figure 4-7.)

(4) Mechanical-lock rivets have a de-
vice on the puller or rivet head which locks the
center stem into place when installed. Many
friction-lock rivet center stems fall out due to
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vibrations; this in turn, greatly reduces its
shear strength. The mechanical-lock rivet was
developed to prevent that problem. Various
manufacturers make mechanical-lock fastern-
ers such as: Bulbed Cherrylock, CherryMax,
Olympic-Loks, and Huck-Loks.
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FIGURE 4-5. Rivet hole spacing and edge distance for single-lap sheet splices.
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FIGURE 4-6. Riveting practice and rivet imperfections.
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FIGURE 4-7. Sclf plugging friction-lock Cherry rivets.

(5) Bulbed Cherrylock Rivets. One of
the earlier types of mechanical-lock rivets de-
veloped were Bulbed Cherrylock blind rivets.
These blind rivets have as their main advan-
tage the ability to replace a solid shank rivet
size for size. (See figure 4-8.)

(a) A Bulbed Cherrylock consists of
three parts; a rivet shell, a puller, and a lock-
ring. The puller or stem has five features
which are activated during installation; a
header, shank expanding section, lockring in-
dent, weak or stem fracture point, and a ser-
rated pulling stem. Carried on the pulling
stem, near the manufactured head, is the stem
lockring. When the rivet is pulled the action
of the moving stem clamps together the sheets
of metal and swells the shank to fill the drilled
hole. When the stem reaches its preset limit of
travel, the upper stem breaks away (just above
the lockring) as the lockring snaps into the re-
cess on the locking stem. The rough end of the
retained stem in the center on the manufac-
tured head must never be filed smooth, be-
cause it will weaken the strength of the lock-
ring and the center stem could fall out. (See
figure 4-8.)
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(b) The Bulbed Cherrylock rivets are
available in two head styles: universal and
100° countersunk. Their lengths are measured
in increments of 1/16 inch. It is important to
select a rivet with a length related to the grip
length of the metal being joined.

(c) The Bulbed Cherrylock rivet can
be installed using a G35 cherry rivet hand
puller or a pneumatic Bulbed Cherrylock
pulling tool.

(6) The CherryMax (see figure 4-9)
rivet uses one tool to install three standard
rivet diameters and their oversize counterparts.
This makes the use of CherryMax rivets very
popular with many small general aviation re-
pair shops. CherryMax rivets are available in
four nominal diameters 1/8, 5/32, 3/16, and
1/4 inch and three oversized diameters. Cher-
ryMax rivets are manufactured with two head
styles, universal and countersunk. The Cher-
ryMax rivets consists of five parts; bulbed
blind header, hollow rivet shell, locking (foil)
collar, driving anvil, and pulling stem. The
blind bulbed header takes up the extended
shank and forms the bucktail on a CherryMax
rivet stem. Rivet sleeves are made from
5056 aluminum, monel, and INCO 600. The
stems are made from alloy steel, CRES, and
INCO X-750 stem. CherryMax rivets have an
ultimate shear strength ranging from 50 KSI to
75 KSI.

(M An Olympic-Lok (see figure 4-10)
rivet is a light three-piece mechanically
locked, spindle-type blind rivet. It carries its
stem lock integral to the manufactured head.
While installing, the lockring is pressed into a
groove on the pulling stem just as the rivet
completes drawing the metal together. After
installation is completed, never file the stem of
an Olympic-Lok rivet, because it will weaken
the lockring attachment. The Olympic-Lok
fastener is available in three head styles:
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used for patching plywood may be used. The
rivet pattern used, however, must follow stan-
dard practice to maintain satisfactory strength
"in the sheet.

g. Splicing of Sheets. The method of
copying the seams at the edges of a sheet may
not always be satisfactory. For example, when
the sheet has cutouts, or doubler plates at an
edge seam, or when other members transmit
loads into the sheet, the splice must be de-
signed as illustrated in the following examples.

(1) Material: Clad 2024 sheet,
0.032 inch thickness. Width of sheet (i.e.,
length at splice) = “W” = 10 inches.

(2) Determine rivet size and pattern for
a single-lap joint similar to figure 4-5.

(a) Use rivet diameter of approxi-
mately three times the sheet thickness,
3 x 0.032 = 0.096-inch. Use 1/8-inch 2117-T4
(AD) rivets (5/32-inch 2117-T4 (AD) would
be satisfactory).

(b) Use the number of rivets re-
quired per inch of width “W” from table 4-10.
(Number per inch 4.9 x.75=3.7 or the total
number of rivets required = 10 x 3.7 or 37 niv-
ets.) See notes in table.

(c¢) Lay out rivet pattern with spacing
not less than shown in figure 4-5. Referring to
figure 4-5(A), it seems that a double row pat-
tern with the minimum spacing will give a to-
tal of 40 rivets. Refer to AC 43.13-1A, page
60. However, as only 37 rivets are required,
two rows of 19 rivets each equally spaced over
the10 inches will result in a satisfactory splice.

h. Straightening of Stringers or Inter-
mediate Frames. Members which are slightly
bent may be straightened cold and examined
with a magnifying glass for cracks or tears to
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the material. Reinforce the straightened part to
its original shape, depending upon the condi-
tion of the material and the magnitude of any
remaining kinks or buckles. If any strain
cracks are apparent, make complete reinforce-
ment in sound metal beyond the damaged por-
tion.

i. Local Heating. Do not apply local
heating to facilitate bending, swaging, flatten-
ing, or expanding operations of heat-treated
aluminum alloy members, as it is difficult to
control the temperatures closely enough to
prevent possible damage to the metal, and it
may impair its corrosion resistance.

j- Splicing of Stringers and Flanges. It
is recommended that all splices be made in ac-
cordance with the manufacturer’s recommen-
dations. If the manufacturer’s recommenda-
tions are not available, the typical splices for
various shapes of sections are shown in figures
4-17 through 4-19. Design splices to carry
both tension and compression, and use the
splice shown in figure 4-18 as an example il-
lustrating the following principles.

(1) To avoid eccentric loading and con-
sequent buckling in compression, place splic-
ing or reinforcing parts as symmetrically as
possible about the centerline of the member,
and attach to as many elements as necessary to
prevent bending in any direction.

(2) To avoid reducing the strength in
tension of the original bulb angle, the rivet
holes at the ends of the splice are made small
(no larger than the original skin attaching riv-
ets), and the second row of holes (those
through the bulbed leg) are staggered back
from the ends. In general, arrange the rivets in
the splice so that the design tensile load for the
member and splice plate can be carried into the
splice without failing the member at the out-
ermost rivet holes.
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SECTION 5. WELDING AND BRAZING

4-74. GENERAL. This section covers weld
repairs to aircraft and component parts only.
Observe the following procedures when using
such equipment as gas tungsten arc welding
(GTAW), gas metal arc welding (GMAW),
plasma arc welding, and oxyacetylene gas
welding. When repairs of any of these
flight-critical parts are required, it is extremely
important to make the weld repairs equal to the
original weld. Identifying the kind of metal to
be welded, identifying the kind of welding pro-
cess used in building the part originally, and
determining the best way to make welded re-
pairs are of utmost importance.

a. Welding is one of the three commonly
used methods of joining metals without the use
of fasteners. Welding is done by melting the
edges of two pieces of metal to be joined and
allowing the molten material to flow together
so the two pieces will become one.

b. Brazing is similar to welding in that
heat is used to join the material; but rather than
melting, the metal is heated only enough to
melt a brazing rod having a much lower melt-
ing point. When this brazing rod melts, it wets
the surfaces to be joined, and when it cools
and solidifies, it bonds the pieces together.

¢. Soldering is similar to brazing except
that brazing materials normally melt at tem-
peratures above 425 °C (800 °F), while solders
melt at temperatures considerably lower.

d. The next step in making airworthy
weld repairs is to decide the best process to
use, considering the available state-of-the-art
welding equipment, and then deciding the cor-
rect weld-filler material to use. Before any
weld repairs can be made, the metal parts to be
welded must be cleaned properly, fitted and
jigged properly, and all defective welds must be
removed to prepare for an aircraft quality weld
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repair.

e. Finally, after the weld is completed,
the weld must be inspected for defects. All
these things are necessary in order to make an
airworthy weld repair.

f. Aircraft welding Qualifications. Four
groups of metals a person can be certified and
qualified to use are:

(1) Group 1, 4130 Steel.

(2) Group 2, Stainless Steel.
(3) Group 3, Aluminum

(4) Group 4, Titanium.

g. For other group listing of metal the
welder may qualify, refer to Mil-Std-1595A.

h. Most large business or agencies con-
duct their own certification tests, or they have
an outside testing lab validate the certification
tests.

4-75. EQUIPMENT SELECTION. Use
the welding equipment manufacturer’s infor-
mation to determine if the equipment will sat-
isfy the requirements for the type of welding
operation being undertaken. Disregarding
such detailed operating instructions may cause
substandard welds. For example, when using
GTAW equipment, a weld can be contami-
nated with tungsten if the proper size electrode
is not used when welding with direct current
reverse polarity. Another example, the deple-
tion of the inert gas supply below the critical
level causes a reduction in the gas flow and
will increase the danger of atmospheric con-
tamination.

(a) Electric welding equipment ver-
satility requires careful selection of the type
current and polarity to b used. Since the com-
position and thickness of metals are deciding

Page 4-53







AC 43.13-1B CHG 1

factors, the selection may vary with each spe-
cific application. Metals having refractory sur-
face oxide films (i.e., magnesium alloys and
aluminum and its alloys), are generally welded
with alternating current (AC), while direct cur-
rent (DC) is used for carbon, low alloy, non-
corrodible, and heat-resisting steels. General
recommendations covering current and polar-
ity are shown in table 4-12.

(b) Oxyacetylene gas equipment is
suitable for welding most metals. It is not,
however, the best method to use on such mate-
rials as stainless steel, magnesium, and alumi-
num alloys; because of base metal oxidization,
distortion, and loss of ductility.

NOTE: If oxyacetylene is used for
welding stainless steel or aluminum, all
flux must be removed, as it may cause
corrosion.

4-76. ACCURATELY IDENTIFY THE
TYPE OF MATERIAL TO BE RE-
PAIRED. If positive identification of the
material is not possible, contact the aircraft
manufacturer or subject the item to a metallur-
gical laboratory analysis. Before any welding
is attempted, carefully consider the weldability
of the alloy, since all alloys are not readily
weldable. The following steels are readily
weldable; plain carbon (of the 1000 series),
nickel steel (of the Society of Automotive En-
gineers (SAE) 2300 series), chrome-nickel al-
loys (of the SAE 3100 series), chrome-
molybdenum steels (of the SAE 4100 series),
and low nickel-chrome-molybdenum steel (of
the SAE 8600 series).

| 4-77. PREPARATION FOR WELDING.

a. Hold elements to be welded in a
welding jig or fixture which is sufficiently
rigid to prevent misalignment due to expansion
and contraction of the heated material and
which positively and accurately positions the
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pieces to be welded.

b. Clean parts to be welded with a wire
brush or other suitable method prior to weld-
ing. Do not use a brush of dissimilar metal,
such as brass or bronze on steel. The small
deposit left by a brass or bronze brush will
materially weaken the weld, and may cause
cracking or subsequent failure of the weld. If
the members are metallized, the surface metal
may be removed by careful sandblasting fol-
lowed by a light buffing with emery cloth.

4-78. INSPECTION OF A COMPLETED
WELD. Visually inspect the completed weld
for the following:

(a) The weld has a smooth seam and
uniform thickness. Visual inspection shall be
made of the completed weld to check for un-
dercut and/or smooth blending of the weld
contour into the base metal.

(b) The weld is tapered smoothly
into the base metal.

(c) No oxide has formed on the base
metal more than 1/2 inch from the weld.

(d) There are no signs of blowholes,
porosity, or projecting globules. Many mili-
tary specifications, as well as American Soci-
ety of Testing Materials (ASTM) codes, spec-
ify acceptable limits of porosity and other
types of defects that are acceptable.

(¢) The base metal shows no signs of
pitting, burning, cracking, or distortion.

(f) The depth of penetration insures
fusion of base metal and filler rod.

(8) The welding scale is removed.

The welding scale can be removed using a
wire brush or by sandblasting. Remove any
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roll over, cold lab, or unfued weld .metal.
Check underside of welded joint for defects.

AC 43.13-1BCHG 1

TABLE 4-12. Current and polarity selection for inert gas welding.

ALTERNATING DIRECT
CURRENT CURRENT
With High-
MATERIAL Frequency STRAIGHT
Stabilization Polarity
Magnesium up 10 /8 in. thicK.........c.cccemiircereece e, 1 N.R.
Magnesium above /16 in. thick...........ccccconniirenenrnrnrerrcennne 1 N.R.
Magnesium Castings ..............ccocovrecnneremetirenseerseeenreeeens 1 N.R.
Aluminum up 0 *32 in. thick.........cceeveeeuerrrrrnecrnrennsersrieeeons 1 N.R.
Aluminum over */32 in. thick..........ccccvevervrrerrecronnnirenrrrreerns 1 N.R.
Aluminum Castings............coeviirvnriniicnnseiereresesssssessans 1 N.R.
StAINIESS SLEC ..o 1
Low Carbon Steel, 0.015 10 0.030 in. ........coeecrevrreevennerrrereenn. 1
Low Carbon Steel, 0.0301t0 0.1251in. ......ccccvvveceirenrriruenennns N.R. ]
1 Recommended N.R. Not Recommended
4-79. MICROFISSURES Cracks in parts
and materials can vary from tiny microfissures,
that are visible only with magnification, to () (SSSSIRY ()

those easily identified by unaided eyes. Mi-
crofissures are the worst type of defect for two
reasons; they are often hard to detect, and they
produce the worst form of notch effect/stress
concentration. Once they form, they propagate
with repeated applications of stress and lead to
early failures. Every possible means should be
used to detect the presence of cracks, and en-
sure their complete removal before welding
operations proceed. (See figure 4-26.)

4-80. NONDESTRUCTIVE TESTING or
evaluation is advisable in critical applications.
Nondestructive testing methods such as; mag-
netic particle, liquid penetrant, radiography,
ultrasonic, eddy current, and acoustic emission
can be used; however, they require trained and
qualified people to apply them.

4-81. PRACTICES TO GUARD
AGAINST Do not file or grind welds in an
effort to create a smooth appearance, as such
treatment causes a loss of strength. Do not fill
welds with solder, brazing metal, or any other
filler. When it is necessary to weld a
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A—INCOMPLETE ROOT PENETRATION

B—INSUFFICIENT PENETRATION ON
THICK PLATE

C-POOR TUBE FIT AND POOR PENETRATION

D—SATISFACTORY WELD

FIGURE 4-26. Common defects to avoid when fitting
and welding aircraft certification cluster.

Joint which was previously welded, remove all
of the old weld material before rewelding.
Avoid welding over a weld, because reheating
may cause the material to lose its strength and
become brittle. Never weld a joint which has
been previously brazed.

4-82. TORCH SIZE (Oxyacetylene weld-
ing). When using oxyacetylene welding, the
torch tip size depends upon the thickness of
the material to be welded. Commonly used
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sizes, proven satisfactory by experience, are
shown in table 4-13.

TABLE 4-13. Torch tip sizes.

Thickness of
steel Diameter of Drill size
(in inches) hole in tip
0.015 to 0.031 0.026 n
0.031 to 0.065 031 68
0.065 t0 0.125 037 63
0.12510 0.188 042 58
0.188 t0 0.250 .055 54
0.250 10 0.375 067 51

4-83. WELDING RODS AND ELEC-
TRODES Use welding rods and electrodes
that are compatible with the materials to be
welded. Welding rods and electrodes for vari-
ous applications have special properties suit-
able for the application intended.

Lap welds are used in shear applications. The
weld throat of the fillet weld is considered the
plane 45 degrees to the surface plane of the
sheet being welded and is equal to 0.707 times
the thickness of the sheet stock. (See fig-
ure 4-27.)

Pws = 0.707xtx1xFwsu
where: Pws = the allowable tensile
strength of the joint.

t = the thickness of the sheet
stock (the throat of the
weld joint.

! = the length of the weld joint.

Fwsu= the shear strength of the
filled rod material.

FIGURE 4-27. Lap Weld Strength Calculation
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4-84. ROSETTE WELDS are generally
employed to fuse an inner reinforcing tube
(liner) with the outer member. Where a rosette
weld is used, drill a hole, (in the outside tube
only) of sufficient size to insure fusion of the
inner tube. A hole diameter of approximately
one-fourth the tube diameter of the outer tube
serves adequately for this purpose. In cases of
tight-fitting sleeves or inner liners, the rosettes
may be omitted. Rosette weld edge distance is
1/2 the diameter of the tube, as measured from
the edge of the rosette hole to the end of the
inside and outside tube. Rosettes shall not be
considered when determining the strength of a
welded form. Drill an 1/8-inch hole in the
lower tube in the center of the intended rosette
weld so the heat does not burn away the outer
tube. This small hole tends to bleed off the heat
from the torch and keeps the size of the rosette
small.

4-85. HEAT-TREATED MEMBERS
Certain structural parts may be heat treated
and, therefore, could require special handling.
In general, the more responsive an alloy steel
is to heat treatment, the less suitable it is for
welding because of its tendency to become
brittle and lose its ductility in the welded area.
Weld the members which depend on heat
treatment for their original physical properties
by using a welding rod suitable for producing
heat-treated values comparable to those of the
original members. (See paragraph 4-74.) Af-
ter welding, heat treat the affected members to
the manufacturer’s specifications.

4-86. TYPES OF WELDING.
a. Gas Welding. A fuel gas such as
acetylene or hydrogen is mixed inside a weld-

ing torch with oxygen to produce a flame with
a temperature of around 6,300 °F (3,482 °C).
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This flame is used to melt the materials to be
welded. A filler rod is melted into the puddle
of molten metal to reinforce the weld. When
highly-reactive metals such as aluminum are
gas welded, they must be covered with flux to
exclude oxygen from the molten metal and
keep oxides from forming which would de-
crease the strength of the weld. (An illustration
of a carburizing flame, a neutral flame, and an
oxidizing flame is shown in figure 4-28.)

b. Shielded Metal Arc Welding
(SMAW). This method is the most familiar
and common type and is known in the trade as
stick welding. A metal wire rod coated with a
welding flux is clamped in an electrode holder
connected to the power supply with a heavy
electrical cable. The metal to be welded is also
attached to the power supply. The electrical
power is supplied to the work at a low voltage

CARSURIIING PLAME

/ VERY LIGHT- me coanes >

VAITE TINGE mnm

NEUTRAL PLAME
(EQUAL AMOUNTS OF ACETYLENE AND OXYGEN)
LIGHT-BLUE CONE NO HIBOING SOUND
[:)kT &
sewrn —/ £ woe, coanse
WHITE TINGE PRATHERED END
PLAME

OXIDIZING
(EXCESS OXVGEN)

SMALL WHHTE SLUE WITH

FIGURE 4-28. Basic gas-welding flames: Each has dis-
tinctive shape, color and sound. Neutral flame is the
most used.

and high current and may be either AC or DC,
depending upon the type of welding being
done. An arc is struck between the rod and the
work and produces heat in excess of
10,000 °F, which melts both the material and
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the rod. As the flux melts, it releases an inert
gas which shields the molten puddle from
oxygen in the air and prevents oxidation. The
molten flux covers the weld and hardens to an
airtight slag cover that protects the weld bead
as it cools. This slag must be chipped off to
examine the weld.

¢. Gas Metal Arc Welding (GMAW).
This method of welding was formerly called
Metal Inert Gas (MIG) welding and is an im-
provement over stick welding because an un-
coated wire electrode is fed into the torch and
an inert gas such as argon, helium, or carbon
dioxide flows out around the wire to protect
the puddle from oxygen. The power supply
connects between the torch and the work, and
the arc produces the intense heat needed to
melt the work and the electrode. Low-voltage
high-current DC is used almost exclusively
with GMAW welding. GMAW is used more
for large-volume production work than for air-
craft repair.

d. Gas Tungsten Arc Welding (GTAW).
This is the form of electric arc welding that
fills most of the needs in aircraft maintenance.
It is more commonly known as Tungsten Inert
Gas (TIG) welding and by the trade names of
Heliarc or Heliweld. These trade names were
derived from the fact that the inert gas origi-
nally used was helium.

(1) Rather than using a consumable
electrode such as is used in both of the other
two methods we have discussed, the electrode
in TIG welding is a tungsten rod. (In earlier
procedures using this form of welding, a car-
bon electrode was used, but it has been re-
placed almost exclusively with tungsten.)
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(2) The 250+ amp arc between the
electrode and the work melts the metal at
5,432 °F, and a filler rod is manually fed into
the molten puddle. A stream of inert gas such
as argon or helium flows out of the torch and
envelopes the arc, thereby preventing the for-
mation of oxides in the puddle.

(3) The versatility of TIG welding is in-
creased by the power supply that is used. Di-
rect current of either polarity or alternating
current may be used. (See figures4-29
and 4-30.)

{

FIGURE 4-29. Set TIG welder to DC current, straight
polarity for welding mild steel, stainless steel and ti-
tanium
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especially stainless steel parts, are joined by
one of the forms of electric resistance welding,
either spot welding or seam welding.

a. Spot Welding. Two copper electrodes
are held in the jaws of the spot welding ma-
chine, and the material to be welded is
clamped between them. Pressure is applied to
hold the electrodes tightly together, and elec-
trical current flows through the electrodes and
the material. The resistance of the material
being welded is so much higher than that of
the copper electrodes that enough heat is gen-
erated to melt the metal. The pressure on the
electrodes forces the molten spots in the two
pieces of metal to unite, and this pressure is
held after the current stops flowing long
enough for the metal to solidify. Refer to
MIL HDBK-5 for joint construction and
strength data. The amount of current, pressure,
and dwell time are all carefully controlled and
matched to the type of material and the thick-
ness to produce the correct spot welds. (See
figure 4-31.)

b. Seam Welding. Rather than having to
release the electrodes and move the material to
form a series of overlapping spot welds, a
seam-welding machine is used to manufacture

!

FIGURE 4-30. Set TIG to AC current for welding
aluminum and magnesium.

4-87. ELECTRIC-RESISTANCE WELD-
ING. Many thin sheet metal parts for aircraft,
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ELECTROOE TIP ELECTRODE
(ELECTRODE-METAL
INTERFACE)  — INDENTATION
SHEET
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DIAMETER
ELECTRODE

FIGURE 4-31. In spot welding, heat is produced by
electrical resistance between copper electrodes. Pres-
sure is simultaneously applied to electrode tips to force
metal together to complete fusing process. Spot-weld-
nugget size is directly related to tip size.

fuel tanks and other components where a con-
tinuous weld is needed. Two copper wheels
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replace the bar-shaped electrodes. The metal
to be welded is moved between them, and
electric pulses create spots of molten metal
that overlap to form the continuous seam.

4-88. BRAZING. Brazing refers to a group
of metal-joining processes in which the bond-
ing material is a nonferrous metal or alloy with
a melting point higher than 425 C (800 F), but
lower than that of the metals being joined.
Brazing includes silver brazing (erroneously
called silver soldering or hard soldering), cop-
per brazing, and aluminum brazing.

NOTE: Never weld over a previously
brazed joint.

a. Brazing requires less heat than weld-
ing and can be used to join metals that are
damaged by high heat. However, because the
strength of brazed joints is not as great as
welded joints, brazing is not used for structural
repairs on aircraft. In deciding whether braz-
ing of a joint is justified, it should be remem-
bered that a metal, which will be subjected to a
sustained high temperature in use, should not
be brazed.

b. A brazing flux is necessary to obtain a
good union between the clean base metal and
the filler metal. There are a number of readily
available manufactured fluxes conforming to
AWS and AMT specifications.

c. The base metal should be preheated
slowly with a mild flame. When it reaches a
dull-red heat (in the case of steel), the rod
should be heated to a dark (or purple) color
and dipped into the flux. Since enough flux
adheres to the rod, it is not necessary to spread
it over the surface of the metal.

d. A neutral flame is used in most braz-
ing applications. However, a slightly oxidiz-
ing flame should be used when copper-zinc,
copper-zinc-silicon, or copper-zinc-nickel-

Par 4-87

AC 43.13-1B CHG 1

silicon filler alloys are used. When brazing
aluminum and its alloys, a neutral flame is pre-
ferred, but if difficulties are encountered, a
slightly reduced flame is preferred to an oxi-
dizing flame.

e. The filler rod can now be brought near
the tip of the torch, causing the molten bronze
to flow over a small area of the seam. The
base metal must be at the flowing temperature
of the filler metal before it will flow into the
joint. The brazing metal melts when applied to
the steel and runs into the joint by capillary at-
traction. In braze welding, the rod should
continue to be added, as the brazing pro-
gresses, with a rhythmic dipping action; so that
the bead will be built to a uniform width and
height. The job should be completed rapidly
and with as few passes of the rod and torch as
possible.

f. When the job is finished, the metal
should be allowed to cool slowly. After cool-
ing, remove the flux from the parts by im-
mersing them for 30 minutes in a lye solution.

(1) Copper brazing of steel is normally
done in a special furnace having a controlled
atmosphere, and at a temperature so high that
field repairs are seldom feasible. If copper
brazing is attempted without a controlled at-
mosphere, the copper will probably not com-
pletely wet and fill the joint. Therefore, copper
brazing in any conditions other than appropri-
ately controlled conditions is not recommended.

(a) The allowable shear strength for
copper brazing of steel alloys should be
15 thousand pounds per square inch (kpsi), for
all conditions of heat treatment.

(b) The effect of the brazing process
on the strength of the parent or base metal of
steel alloys should be considered in the struc-
tural design. Where copper furmnace brazing is
employed, the calculated allowable strength of
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the base metal, which is subjected to the tem-
peratures of the brazing process, should be in
accordance with table 4-14.

TABLE 4-14. Calculated allowable strength of base
metal.

Material Allowable Strength
Heat-treated material (in- | Mechanical properties of
cluding normalized) used normalized material

in “as-brazed”
condition
Heat-treated material (in- Mechanical properties
cluding normalized) corresponding to heat
reheat-treated during or treatment performed
after brazing

(2) Alloys commonly referred to as sil-
ver solders melt above 425 °C (800 °F), and
when using them the process should be called
silver brazing.

(a) The principal use of silver braz-
ing in aircraft work is in the fabrication of
high-pressure oxygen lines and other parts
which must withstand vibration and high tem-
peratures. Silver brazing is used extensively to
join copper (and its alloys), nickel, silver,
various combinations of these metals, and thin
steel parts. Silver brazing produces joints of
higher strength than those produced by other
brazing processes.

(b) It is necessary to use flux in all
silver-brazing operations, because of the ne-
cessity for having the base metal chemically
clean, (without the slightest film of oxide to
prevent the silver-brazing alloy from coming
into intimate contact with the base metal).

(¢) The joint must be physically and
chemically clean, which means it must be free
of all dirt, grease, oil, and paint. After re-
moving the dirt, grease, and paint, any oxide
should be removed by grinding or filing the
piece until bright metal can be seen. During
the soldering operation, the flux continues the
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process of keeping oxide away from the metal
and aids the flow of solder.

(d) In figure 4-32, three types of
joints for silver brazing are shown; flanged
butt, lap, and edge joints. If a lap joint is used,
the amount of lap should be determined ac-
cording to the strength needed in the joint. For
strength equal to that of the base metal in the
heated zone, the amount of lap should be four
to six times the metal thickness.

FLANGED BUTT

LAP
JOINT JOINT

JONT

FIGURE 4-32. Silver brazing joints.

(e) The oxyacetylene flame for silver
brazing should be neutral, but may have a
slight excess of acetylene. It must be soft, not
harsh. During both preheating and application
of the solder, the tip of the inner cone of the
flame should be held about 1/2 inch from the
work. The flame should be kept moving so
that the metal will not become overheated.

() When both parts of the base metal
are at the right temperature (indicated by the
flow of flux), brazing alloy can be applied to
the surface of the under or inner part at the
edge of the seam. It is necessary to simultane-
ously direct the flame over the seam, and keep
moving it so that the base metal remains at an
even temperature.
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(3) The torch can be shut off simply by
closing the acetylene off first and allowing the
gas remaining in the torch tip to burmn out.
Then turn off the oxygen valve. If the torch is
not to be used again for a long period, the
pressure should be turned off at the cylinder.
The hose lines should then be relieved of pres-
sure by opening the torch needle valves and
the working pressure regulator, one at a time,
allowing the gas to escape. Again, it is a good
practice to relieve the oxygen pressure and
then the acetylene pressure. The hose should
then be coiled or hung carefully to prevent
damage or kinking.

(4) Soft soldering is used chiefly for
copper, brass, and coated iron in combination
with mechanical seams; that is, seams that are
riveted, bolted, or folded. It is also used where
a leak-proof joint is desired, and sometimes for
fitting joints to promote rigidity and prevent
corrosion. Soft soldering is generally per-
formed only in very minor repair jobs. This
process is used to join electrical connections
because it forms a strong union with low elec-
trical resistance.

(a) Soft solder gradually yields under
a steadily applied load and should not be used
unless the transmitted loads are very low. It
should never be used as a means of joining
structural members.

(b) A soldering iron is the tool used
in soldering. Its purpose is to act as a source
of heat for the soldering operation. The bit, or
working face, is made from copper since this
metal will readily absorb heat and transmit it
to the work. Figure 4-33 shows a
wedge-shaped bit.

Qﬁm

FIGURE 4-33. Electric soldering iron.
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(¢) To tin the soldering iron, it is first
heated to a bright red, and then the point is
cleaned (by filing) until it is smooth and
bright. No dirt or pits should remain on its
surface. After the soldering iron has been me-
chanically cleaned, it should be reheated suffi-
ciently to melt solder and chemically cleaned
by rubbing it firmly on a block of sal ammo-
niac (ammonium chloride). Rosin flux paste
may also be used. Solder is then applied to the
point and wiped with a clean cloth.

(d) A properly tinned copper iron has
a thin unbroken film of solder over the entire
surface of its point.

(e) Soft solders are chiefly alloys of
tin and lead. The percentages of tin and lead
vary considerably in various solder, with a cor-
responding change in their melting points,
ranging from 145-311°C (293-592 °F).
Half-and-half (50/50) solder is a general pur-
pose solder and is most frequently used. It
contains equal proportions of tin and lead, and
it melts at approximately 182 °C (360 °F).

(f) The application of the melted sol-
der requires somewhat more care than is ap-
parent. The parts to be soldered should be
locked together or held mechanically or manu-
ally while tacking. To tack the seam, the hot
copper iron is touched to a bar of solder, then
the drops of solder adhering to the copper iron
are used to tack the seam at a number of
points. The film of solder between the sur-
faces of a joint must be kept thin to make the
strongest joint.

(8 A hot, well-tinned soldering cop-
per iron should be held so that its point lies flat
on the metal (at the seam), while the back of
the copper iron extends over the seam proper
at a 45-degree angle, and a bar of solder is
touched to the point. As the solder
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melts, the copper iron is drawn slowly along
the seam. As much solder as necessary is
added without raising the soldering copper
iron from the job. The melted solder should
run between the surfaces of the two sheets and
cover the full width of the seam. Work should
progress along the seam only as fast as the sol-
der will flow into the joint.

4-89. AIRCRAFT PARTS NOT TO BE
WELDED.

a. Brace Wires and Cables. Do not weld
aircraft parts whose proper function depends
upon strength properties developed by cold-
working. Among parts in this classification
are streamlined wire and cables.

b. Brazed and Soldered Parts. Do not
weld brazed or soldered parts as the brazing
mixture or solder will penetrate and weaken
the hot steel.

c. Alloy Steel Parts. Do not weld alloy
steel parts such as aircraft bolts, turnbuckle
ends, etc., which have been heat treated to im-
prove their mechanical properties.

d. Nos. 2024 and 7075 Aluminum. Do
not weld these two aluminum alloys (that are
often used in aircraft construction) because the
heat from the welding process will cause se-
vere cracking. The 2024 aluminum is most
often used in wing skins, fuselage skins, and in
most structured airframe parts. The
7075 aluminum is most often used in ma-
chined fittings such as wing-spar attachments,
landing-gear attachments, and other structural
parts.

4-90. WELDING ROD SELECTION.
Most aircraft repair shops that are prepared to
make weld repairs should have the basic se-
lection of welding rods available. The best
rods to stock, the metals they weld, and the

Page 4-62

9/27/01

AWS specification number are shown in ta-
ble 4-15.

4-91.
BERS.

REPAIR OF TUBULAR MEM-

a. Inspection. Prior to repairing tubular
members, carefully examine the structure sur-
rounding any visible damage to insure that no
secondary damage remains undetected. Sec-
ondary damage may be produced in some
structure, remote from the location of the pri-
mary damage, by the transmission of the dam-
aging load along the tube. Damage of this
nature usually occurs where the most abrupt
change in direction of load travel is experi-
enced. If this damage remains undetected,
subsequent normal loads may cause failure of
the part.

b. Location and Alignment of Welds.
Unless otherwise noted, welded steel tubing
may be spliced or repaired at any location
along the length of the tube. To avoid distor-
tion, pay particular attention to the proper fit
and alignment.

¢. Members Dented at a Cluster. Repair
dents at a steel-tube cluster joint by welding a
specially formed steel patch plate over the
dented area and surrounding tubes. (See fig-
ure 4-34.) To prepare the patch plate, cut a
section of steel sheet of the same material and
thickness as the heaviest tube damaged. Trim
the reinforcement plate so that the fingers ex-
tend over the tubes a minimum of 1.5 times the
respective tube diameter. (See figure 4-34.)
Remove all the existing finish on the damaged
cluster-joint area to be covered by the rein-
forcement plate. The reinforcement plate may
be formed before any welding is attempted, or
it may be cut and tack-welded to one or more
of the tubes in the cluster joint, then heated
and formed around the joint to produce a
smooth contour. Apply sufficient heat to the
plate while forming so that there is generally a
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gap of no more than 1/16 inch from the con-
tour of the joint to the plate. In this operation
avoid unnecessary heating, and exercise care
" to prevent damage at the point of the angle

AC43.13-1BCHG 1

formed by any two adjacent fingers of the
plate. After the plate is formed and tack
welded to the cluster joint, weld all the plate
edges to the cluster joint.

TABLE 4-15. Chart showing Welding Filler Rod selection.

Welding Rod# AMS Spec. AWS Spec. Welds these Metals
4130 AMS 6457 AWS A5.18 Mild Steel, 4130 steel
4140 AMS 6452 AWS A5.28 4140 Steel
4043 AMS 4190 AWS A5.10 Most weldable Aluminum
308L AMS 5692 AWS A5.9 304 Stainless steel
316L AMS 5692 AWS A5.9 316 Stainless steel

AZ61A AMS 4350 AWS A5.19 AZ61A Magnesium
ERTi-5 AMS 4954  AWS A5-16 Titanium
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LONGERON DENTED AT A STATION,

38 7%\

THICKNESS OF PATCH PLATE
SAME AS LONGERON
THICKNESS,

PATCH PLATE BEFORE FORMING AND WELDING.

PATCH -PLATE FORMED AND WELDED TO TUBES.

FIGURE 4-34. Finger patch repairs for members dented at a cluster.
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d. Members Dented in a Bay. Repair
dented, bent, cracked, or otherwise damaged
tubular members by using a split-sleeve rein-
forcement. Carefully straighten the damaged
member, and in the case of cracks, drill
No. 40 (0.098) inch stop holes at the ends of
the crack.

| 492. REPAIR BY WELDED SLEEVE.
This repair is outlined in figure 4-35. Select a
length of steel tube sleeve having an inside di-
ameter approximately equal to the outside di-
ameter of the damaged tube and of the same
material, and at least the same wall thickness.
Diagonally cut the sleeve reinforcement at a
30-degree angle on both ends so that the
minimum distance of the sleeve from the edge
of the crack or dent is not less than 1-1/2 times
the diameter of the damaged tube. Cut through
the entire length of the reinforcement sieeve,
and separate the half-sections of the sleeve.
Clamp the two sleeve sections to the proper
positions on the affected areas of the original
tube. Weld the reinforcement sleeve along the
length of the two sides, and weld both ends of
the sleeve to the damaged tube. (See fig-
ure 4-35.) The filling of dents or cracks with
welding rod in lieu of reinforcing the member
is not acceptable.

] 4-93. REPAIR BY BOLTED SLEEVE.
Do not use bolted-sleeve repairs on welded
steel-tube structure unless specifically author-
ized by the manufacturer or the FAA. The
tube area removed by the bolt holes, in this
type of repair, may prove critical.

| 494. WELDED-PATCH REPAIR. Dents
or holes in tubing may be repaired by using a
patch of the same material, one gauge thicker.
(See figure 4-36.)

a. Dented Tubing.

(1) Dents are not deeper than 1/10 of
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tube diameter, do not involve more than 1/4 of
the tube circumference, and are not longer than
tube diameter.

(2) Dents are free from cracks, abra-
sions, and sharp corners.

(3) The dented tubing can be substan-
tially reformed, without cracking, before ap-
plication of the patch.

b. Punctured Tubing. Holes are not
longer than tube diameter and involve not
more than 1/4 of tube circumference.

4-95. SPLICING TUBING BY INNER-
SLEEVE METHOD. If the damage to a
structural tube is such that a partial replace-
ment of the tube is necessary, the inner-sleeve
splice is recommended; especially where a
smooth tube surface is desired. (See fig-
ure 4-37.)

a. Make a diagonal cut when removing
the damaged portion of the tube, and remove
the burr from the edges of the cut by filing or
similar means. Diagonally cut a replacement
steel tube of the same material and diameter,
and at least the same wall thickness, to match
the length of the removed portion of the dam-
aged tube. At each end of the replacement
tube allow a 1/8-inch gap from the diagonal
cuts to the stubs of the original tube. Select a
length of steel tubing of the same material, and
at least the same wall thickness, and of an out-
side diameter equal to the inside diameter of
the damaged tube. Fit this inner-sleeve tube
material snugly within the original tube, with a
maximum diameter difference of 1/16 inch.
From this inner-sleeve tube material cut two
sections of tubing, each of such a length that
the ends of the inner sleeve will be a minimum
distance of 1-1/2-tube diameters from the
nearest end of the diagonal cut.
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CRACKED TUBE
NOTE: REINFORCEMENT TUBE SPLIT
LOCALLY DENTED OR TN
BENT MEMBERS SHOULD —
FIRST BE REFORMED . e

IN CLAMP.

REINFORCEMENT SLEEVE TO BE OF SAME
MATERIAL AND AT LEAST THE SAME GAUGE
AS TUBE BEING REPAIRED.

AS ALTERNATIVE TO SPLIT TUBE, 4
A TWO-PIECE REINFORCEMENT

SLEEVE MAY BE FORMED FROM A
STEEL SHEET OF THE SAME MATERIAL ¥

AND AT LEAST THE SAME GAUGE AS
THE DAMAGED TUBE. USE FISHMOUTH
ENDS AND FOUR ROSETTE WELDS
AS SHOWN.

FIGURE 4-35. Members dented in a bay (repairs by welded sleeve).
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4+ TUBE CIRCUM.
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2A —l

FIGURE 4-36. Welded patch repair.

b. If the inner sleeve fits very tightly in
the replacement tube, chill the sleeve with dry
ice or cold water. If this is insufficient, polish
down the diameter of the sleeve with emery
cloth. Tack the outer and inner replacement
tubes using rosette welds. Weld the inner
sleeve to the tube stubs through the 1/8-inch
gap, forming a weld bead over the gap.

4-96. SPLICING TUBING BY OUTER-
SLEEVE METHOD. If partial replacement
of a tube is necessary, make the outer-sleeve
splice using a replacement tube of the same di-
ameter. Since the outer-sleeve splice requires
the greatest amount of welding, it should be
used only when the other splicing methods are
not suitable. Information on the replacement
by use of the outer-sleeve method is given in
figure 4-38 and figure 4-39.

a. Remove the damaged section of a tube
utilizing a 90-degree cut. Cut a replacement
steel tube of the same material, diameter, and
at least the same wall thickness to match the
length of the removed portion of the damaged
tube. This replacement tube must bear against
the stubs of the original tube with a total toler-
ance not to exceed 1/32 inch. The outer-sleeve
tube material selected must be of the same
material and at least the same wall thickness as
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the original tube. The clearance between inside
diameter of the sleeve and the outside diameter
of the original tube may not exceed 1/16 inch.

b. From this outer-sleeve tube material,
cut diagonally (or fishmouth) two sections of
tubing, each of such length that the nearest end
of the outer sleeve is a minimum distance of
1-1/2-tube diameters from the end of the cut
on the original tube. Use a fishmouth sleeve
wherever possible. Deburr the edges of the
sleeves, replacement tube, and the original
tube stubs.

c. Slip the two sleeves over the replace-
ment tube, align the replacement tube with the
original tube stubs, and slip the sleeves over
the center of each joint. Adjust the sleeves to
suit the area and provide maximum
reinforcement.

d. Tack weld the two sieeves to the re-
placement tube in two places before welding.
Apply a uniform weld around both ends of one
of the reinforcement sleeves and allow the
weld to cool; then, weld around both ends of
the remaining reinforcement tube. Allow one
sleeve weld to cool before welding the re-
maining tube to prevent undue warping.
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ROSETTE WELD
]

ROSETTE WELD

INSIDE SLEEVE
TUBE

ALLOW /8" GAP BETWEEN ORIGINAL AND
REPLACEMENT TUBES FOR WELDING.

REPLACEMENT
TUBE

INSIDE
/{suevs TUBE

FoR"WELWE"”

ORIGINAL TUBE

FIGURE 4-37. Splicing by inner-sleeve method.

4-97. SPLICING USING LARGER DI-
AMETER REPLACEMENT TUBES. The
method of splicing structural tubes, as shown
in figure 4-40, requires the least amount of
cutting and welding. However, this splicing
method cannot be used where the damaged
tube is cut too near the adjacent cluster joints,
or where bracket-mounting provisions make it
necessary to maintain the same replacement
tube diameter as the original. As an aid to in-
stalling the replacement tube, squarely cut the
original damaged tube leaving a minimum
short stub equal to 2-1/2-tube diameters on one
end and a minimum long stub equal to
4-1/2-tube diameters on the other end. Select a
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length of steel tube of the same material and at
least the same wall thickness, having an inside
diameter approximately equal to the outside
diameter of the damaged tube. Fit this re-
placement tube material snugly around the
original tube with a maximum diameter differ-
ence of 1/16 inch. From this replacement tube
material, cut a section of tubing diagonally (or
fishmouth) of such a length that each end of
the tube is a minimum distance of 1-1/2-tube
diameters from the end of the cut on the origi-
nal tube. Use a fishmouth cut replacement
tube wherever possible. Deburr the edges of
the replacement tube and original tube stubs.
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If a fishmouth cut is used, file out the sharp ra-
dius of the cut with a small round file.

30°SLEEVE

A
.~ 30’

\ ROSETTE WELDS MAY WELD

SLEEVES FIT TIoRTLY
SLEEV ’ REPLAGEMENT TUBE

ORIGINAL TUBE

FISH-MOUTH
SLEEVE

d
| ROSETTE WELDS MAY WELD
BE OMITTED WHEN
SLEEVES FIT TIGHTLY.
REPLAGEMENT TUBE

ORIGINAL TUBE

--:uzaL—I -j
be- 118 SR %

4ennmve- SPLIT SLEEVE SPLICE ~

i 178° GAP
30 FOR WELDING

IF OUTSIDE DIAMETER OF ORIGINAL TUBE IS LESS THAN 1 INCH, SPLIT

SLEEVE MAY BE MADE FROM STEEL TUBE OR SHEET STEEL. USE SAME
MATERIAL OF AT LEAST THE SAME GAUGE.

FIGURE 4-38. Splicing by outer-sieeve method (replacement by welded outside sleeve).
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ORIGINAL TUBE
A

SLEEVE SLE
UBE FC3  TTUBE A
B} ~ . ),
< X , S
i\ 14 ’
ROSETTE 38 } _ *-/ ORIGINAL TUBE
WELD Ko WELD
a 1/44 /4 o
.‘- N Ran = Dy me e =mw “"'. . A
A A h° \J3b
1 SLEEVE TUBE
ORIGINAL
ToBE sLEEvE>  ALLOW \neruceuenr TUBE
TUBE /8" GAP
BETWEEN SLEEVES

FOR WELDING.

FIGURE 4-39. Tube replacement at a station by welded outer sleeves.

~-REPLAGEMENT
TUBE

ORIGINAL
TUBE

‘\\
N\ ORIGINAL TUBE

FIGURE 4-40. Splicing using larger diameter replacement tube.
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Spring the long stub of the original tube from
the normal position, slip the replacement tube
over the long stub, and then back over the
short stub. Center the replacement tube be-
tween the stubs of the original tube. Tack
weld one end of the replacement tube in sev-
eral places, then weld completely around the
end. In order to prevent distortion, allow the
weld to cool completely, then weld the re-
maining end of the replacement tube to the
original tube.

4-98. REPAIRS AT BUILT-IN FUSE-
LAGE FITTINGS. Make splices in accor-
dance with the methods described in para-
graphs 4-86 through 4-92. Repair built-in fu-
selage fittings in the manner shown in fig-
ure 4-41. The following paragraphs outline
the different methods as shown in figure 4-41.

a. Tube of Larger Diameter Than
Original. A tube (sleeve) of larger diameter
than the original is used in the method shown
in figure 4-41 (A). The forward splice is a
30-degree scarf splice. Cut the rear longeron
(right) approximately 4 inches from the cen-
terline of the joint and fit a 1 inch long spacer
over the longeron, and edge weld this spacer
and longeron. Make a tapered “V” cut ap-
proximately 2 inches long in the aft end of the
outer sleeve, and swage the end of the outer
sleeve to fit the longeron and weld.

b. Tube of Same Diameter as Original.
In the method shown in figure 4-41 (B) the
new section is the same size as the longeron
forward (left) of the fitting. The rear end
(right) of the tube is cut at 30 degrees and
forms the outside sleeve of the scarf splice. A
sleeve is centered over the forward joint as in-
dicated.

c. Simple Sleeve. In figure 4-41 (C), it is
assumed the longeron is the same size on each
side of the fitting. It is repaired by a sleeve of
larger diameter than the longeron.
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d. Large Difference in Longeron Di-
ameter Each Side of Fitting. Figure 4-41 (D)
assumes that there is 1/4-inch difference in the
diameter of the longeron on the two sides of
the fitting. The section of longeron forward
(left) of the fitting is cut at 30 degrees, and a
section of tubing of the same size as the tube
and of such length as to extend well to the rear
(night) of the fitting 1is slipped through it. One
end is cut at 30 degrees to fit the 30-degree
scarf at left, and the other end fishmouthed.
This makes it possible to insert a tube of
proper diameter to form an inside sleeve for
the tube on the left of the fitting and an outside
sleeve for the tube on the right of the fitting.

4-99. ENGINE-MOUNT REPAIRS. All
welding on an engine mount must be of the
highest quality, since vibration tends to ac-
centuate any minor defect. Engine-mount
members should preferably be repaired by us-
ing a larger diameter replacement tube, tele-
scoped over the stub of the original member,
and using fishmouth and rosette welds. How-
ever, 30-degree scarf welds in place of the
fishmouth welds will be considered acceptable
for engine-mount repair work.

a. Repaired engine mounts must be
checked for accurate alignment. When tubes
are used to replace bent or damaged ones, the
original alignment of the structure must be
maintained. When drawings are not available,
this can be done by measuring the distance
between points of corresponding members that
have not been distorted.

b. Grind out all cracked welds.
c. Use only high-grade metallurgically

controlled (mc) welding rods for engine-mount
repairs.
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FIGURE 4-41. Repairs at built-in fuselage fittings.
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d. If all members are out of alignment,
reject the engine mount and replace with one
supplied by the manufacturer or one which
was built to conform to the manufacturer’s
drawings. The method of checking the align-
ment of the fuselage or nacelle points should
be requested from the manufacturer.

e. Repair minor damage, such as a crack
adjacent to an engine-attachment lug, by rew-
elding the ring and extending a gusset or a
mounting lug past the damaged area. Engine-
mount rings which are extensively damaged
must not be repaired, unless the method of re-
pair is specifically approved by the FAA, or
the repair is accomplished in accordance with
FAA-approved instructions.

f. If the manufacturer stress relieved
the engine mount after welding it, the engine
mount should be re-stress relieved after the
weld repairs are made.

4-100. BUILT-UP TUBULAR WING OR
TAIL-SPARS. Repair built-up tubular wing
or tail-spars by using any of the applicable
splices and methods of repair shown in fig-
ure 4-35 through figure 4-45, provided the
spars are not heat treated. In the case of heat-
treated spars, the entire spar assembly would
have to be reheat treated to the manufacturer’s
specifications after completion of the repair.
In general, this will be found less practicable
than replacing the spar with one furnished by
the manufacturer or holder of the PMA for the
part.

4-101. WING-BRACE STRUTS AND
TAIL-BRACE STRUTS. In general, it will
be found advantageous to replace damaged
wing-brace struts made either from rounded or
streamlined tubing with new members pur-
chased from the original manufacturer. How-
ever, there is no objection, from an airworthi-
ness point of view, to repairing such members
in a proper manner. An acceptable method of
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repair, if streamlined tubing is used, will be
found in figure 4-43. Repair similar members
made of round tubes using a standard splice, as
shown in figure 4-35, figure 4-37, or fig-
ure 4-38.

a. Location of Splices. Steel-brace struts
may be spliced at any point along the length of
the strut provided the splice does not overlap
part of an end fitting. The jury-strut attach-
ment is not considered an end fitting; there-
fore, a splice may be made at this point. The
repair procedure and workmanship minimize
distortion due to welding and the necessity for
subsequent straightening operations. Observe
every repaired strut carefully during initial
flights to ascertain that the vibration charac-
teristics of the strut and attaching components
are not adversely affected by the repair. A
wide range of speed and engine-power combi-
nation must be covered during this check.

b. Fit and Alignment. When making re-
pairs to wing and tail surface brace members,
ensure to proper fit and alignment to avoid
distortion.

4-102. LANDING GEAR REPAIR.

a. Round Tube Construction. Repair
landing gears made of round tubing using
standard repairs and splices as shown in fig-
ure 4-35 and figure 4-41.

b. Streamline Tube Construction. Re-
pair landing gears made of streamlined tubing
by either one of the methods shown in fig-
ure 4-42, figure 4-44, or figure 4-45.

c. Axle Assemblies. Representative types
of repairable and nonrepairable landing gear
axle assemblies are shown in figures 4-46
and 4-47. The types as shown in A, B, and C
of this figure are formed from steel tubing and
may be repaired by the applicable method
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FORM INSIOE e 1§ C ———t——— 1§ C ————
TUBE TO FIT.
A- Slot Width (Original Tube).
B- Outside Diameter (Insert Tube).
C- Streamline Tube Length of Major Axis.
S.L. Size A C D
1" 375 .563 1.340 496
1-Y 375 .688 1.670 619
1-%4 .500 .875 2.005 743
1-% .500 1.000 2.339 .867
2 .500 1.125 2.670 991
2-Y% .500 1.250 3.008 1.115
2-% .500 1.375 3.342 1.239
ROUND INSERT TUBE (B) SHOULD BE AT LEAST OF SAME MATERIAL AND ONE GAUGE THICKER
THAN ORIGINAL STREAMLINE TUBE (C).

FIGURE 4-42. Streamline tube splice using round tube (applicable to landing gear).

d. shown in figure 4-35 through fig-
ure 4-45. However, it will always be neces-
sary to ascertain whether or not the members
are heat treated. The axle assembly as shown
in figure 4-47 is, in general, of a nonrepairable
type for the following reasons.

(1) The axle stub is usually made from
a highly heat-treated nickel alloy steel and
carefully machined to close tolerances. These
stubs are usually replaceable and must be re-
placed if damaged.
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(2) The oleo portion of the structure is
generally heat treated after welding, and is per-
fectly machined to ensure proper functioning
of the shock absorber. These parts would be
distorted by welding after machining.

4-103. REPAIRS TO WELDED ASSEM-
BLIES. These repairs may be made by the
following methods.

a. A welded joint may be repaired by
cutting out the welded joint and replacing it
with one properly gusseted. Standard splicing
procedures should be followed.
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OUTSIOE SLEEVE MAY BE OF SAME
SL. TUBING AS ORIGINAL OR USE
S.L. TUBING OF AT LEAST THE
SAME GAUGE,

SAW SLEEVE ALONG T.E., 1§
OPEN OUT TO FIT ORIGINAL ¢
TUBE_AND WELD.
. —-—I

AT LEAST

—— i — — — o —
— e w— — —

| AT LEAST |
c

WELD

A aam

A- Minimum Length of Sleeve.
B- Streamline Tube Length of Minor Axis.
C- Streamline Tube Length of Major Axis.

S.L. Size A B C
1" 7.324 .572 1.340
1-Ya 9.128 714 1.670
1-%2 10.960 .858 2.005
1-Y% 12.784 1.000 2.339
2 14.594 1.144 2.670
2-Y 16.442 1.286 3.008
2-% 18.268 1.430 3.342

FIGURE 4-43. Streamline tube splice using split sleeve (applicable to wing and tail surface brace struts and other

members).

b. Replacing weld deposit by chipping
out the metal deposited by the welding process
and rewelding after properly reinforcing the
joint by means of inserts or external gussets.

4-104. STAINLESS STEEL STRUC-
TURE. Repair structural components made
from stainless steel, particularly the “18-8” va-
riety (18 percent chromium, 8 percent nickel),
Jjoined by spot welding, in accordance with the
instructions furnished by the manufacturer,
DER, or FAA. Substitution of bolted or riv-
eted connections for spot-welded joints are to
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be specifically approved by a DER or the
FAA. Repair secondary structural and non-
structural elements such as tip bows or leading
and trailing edge tip strips of wing and control
surfaces by soldering with a 50-50 lead-tin sol-
der or a 60-40 lead-tin solder. For best results,
use a flux of phosphoric acid (syrup). Since
the purpose of flux is to attack the metal so
that the soldering will be effective, remove ex-
cess flux by washing the joint. Due to the
high-heat conductivity of the stainless steel,
use a soldering iron large enough to do the
work properly.

Page 4-75






AC 43.13-1BCHG 1

9/27/01

TUBES ONLY.
ya

SI1ZE OF ROSETTES =
Y4 C. DRILL OUTSIDE

— T Gt G Gn— — — o =]

L N - = = ~_ 1
- -—1;— - - -
~ ,] . ] ;
+
c I ] - ,\ y | & é |
N/, ~ ¢ -/ ~4
R e bl e i e ] — S T B e f
' [] 1 g . ’ 1
1 A: I LA _L
2
IzA| A A ’L 15 A
14l et 2A '—B—J 2a—sell A LN
Ls MAXIMUM INSERT LENGTH—— .
SAW .08 C OFF OF
T.E. AND WELD
INSERT TUBE IS OF SAME STREAMLINE TUBING AS ORIGINAL.
A-Is? B.
B- Is Minor Axis Length of Original Streamline Tube.
C- Is Major Axis Length of Original Streamline Tube.
S.L. Size A B C L

1” 382 .572 1.340 5.160

1-Ye 476 714 1.670 6.430

1-%4 572 .858 2.005 7.720

1-% .667 1.000 2.339 9.000

2 .763 1.144 2.670 10.300

2-Y 858 1.286 3.008 11.580

2-% .954 1.430 3.342 12.880

FIGURE 4-44. Streamline tube splice using split insert (applicable to landing gear).
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A- Streamline Tube Length of Minor Axis, Plate Widths.
B- Distance of First Plate From Leading Edge, 2/ A.

C- Streamline Tube Length of Major Axis.

S.L. Size A B C 6A
1” 572 382 1.340 3.430
1-Ya 714 476 1.670 4.280
1-%2 .858 572 2.005 5.150
1-% 1.000 .667 2.339 6.000
2 1.144 762 2,670 6.860
2-% 1.286 .358 3.008 7.720
2-% 1.430 .954 3.342 8.580

FIGURE 4-45. Streamline tube splice using plates (applicable to landing gear).
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(A)

(8)

{A), (B), AND (C) ARE TYPES OF REPAIRABLE AXLE
ASSEMBLIES. ASSEMBLIES ORIGINALLY HEAT TREATED
MUST BE REHEAT TREATED AFTER WELDING.

FIGURE 4-46. Representative types of repairable axle assemblies.
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FIGURE 4-47. Landing gear assemblies that CANNOT be repaired by welding.

4-105.—4-110. [RESERVED.]

Par 4-104 Page 4-79 (and 4-80)






9/27/01

AC 43.13-1BCHG 1

SECTION 6. WELDING AND BRAZING SAFETY

| 4-111. GENERAL. A number of inherent
hazards exist in the use of oxy-fuel welding
and cutting apparatus. It is necessary that
proper safety and operating procedures are un-
derstood. A thorough understanding of the
proper safety and operating procedures mini-
mizes the hazards involved and adds to the
pleasure and efficiency of your work.

| 4-112. FIRE AND EXPLOSION SAFETY.
Fires occur in welding areas because flamma-
bles are left where they can be ignited by
welding sparks or gas welding flames. Before
welding, clear the welding area of all flamma-
bles such as rags, paper, wood, paint cans, sol-
vent, and trash containers. Do not weld in ar-
eas where flammables are present.

a. Unless absolutely necessary, never
weld any tank or radiator that has had a flam-
mable in it, including gasoline, av-gas, motor
oil, hydraulic fluid, or any other liquid that
could ignite if the vapor and temperature reach
a flashpoint. Explosions often occur when
empty tanks are being welded or cut open with
a torch.

b. If welding such tanks or radiator cool-
ers is absolutely necessary, the tank must first
be washed with a caustic-based, water-soluble
liquid, rinsed with plenty of clear water, and
then dried. Before welding, the tank or con-
tainer should be thoroughly purged with argon,
or other inert gas, while the welding is in proc-
ess.

| 4-113. WELDING WORK AREA.

a. The work area must have a fireproof
floor, concrete floors are recommend.

Par 4-111

b. Use heat-resistant shields to protect
nearby walls or unprotected flooring from
sparks and hot metal.

¢. Maintain an adequate suction ventila-
tion system to prevent the concentration of
oxygen/fuel gas, flammable gases, and/or toxic
fumes. It is important to remember that oxy-
gen will not burn. The presence of oxygen,
however, serves to accelerate combustion, and
causes materials to burn with great intensity.

CAUTION: Oil and grease in the
presence of oxygen can ignite and
burn violently.

d. A completely clean welding shop area
with white walls, ceiling, and floor; and with
plenty of light, is better for welding. The bet-
ter the lighting conditions, the easier it is to see
the weld puddle and make excellent aircraft-
quality welds.

e. During oxy-fuel processes use work
benches or tables with fireproof tops. Fire
bricks commonly top these surfaces and sup-
port the work.

f. Chain or otherwise secure oxygen and
fuel gas cylinders to a wall, bench, post, cylin-
der cart, etc. This will protect them from fal-
ling and hold them upright.

4-114. FIRE PROTECTION. Practice fire
prevention techniques whenever oxy-fuel op-
erations are in progress. Simple precautions
prevent most fires, and minimize damage in
the event a fire does occur. Always practice
the following rules and safety procedures.
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a. Inspect oxy-fuel apparatus for oil,
grease, or damaged parts. DO NOT use the
oxy-fuel apparatus if oil or grease is present or
if damage is evident. Have the oxy-fuel appa-
ratus cleaned and/or repaired by a qualified re-
pair technician before it is used.

b. Never use oil or grease on or around
any oxy-fuel apparatus. Even a trace of oil or
grease can ignite and burn violently in the
presence of oxygen.

c¢. Keep flames, heat, and sparks away
from cylinders and boxes.

d. Flying sparks can travel as much as
35 feet. Move combustibles a safe distance
away from areas where oxy-fuel operations are
performed.

e. Use approved heat-resistant shields to
protect nearby walls, floor, and ceiling.

f. Have a fire extinguisher of the proper
class (ABC) and size in the work area. Inspect
it regularly to ensure that it is in proper work-
ing order. Know how it is used.

g. Use oxy-fuel equipment only with the
gases for which it is intended.

h. DO NOT open an acetylene cylinder
valve more than approximately 1-1/2 turns and
preferably no more than 3/4 of a turn. Keep
the cylinder wrench, if one is required, on the
cylinder valve so, if necessary, the cylinder
may be turned off quickly.

i. On all gases except acetylene, open the
cylinder valve completely to seal the cylinder

back-seal packing.

j- Never test for gas leaks with a flame.
Use an approved leak-detector solution.
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k. When work is complete, inspect the
area for possible fires or smoldering materials.

l. Special care should be taken when
welding structural tubing that has been coated
on the inside with linseed oil. Smoke and fire
may be generated by the heat of the torch. En-
sure that an observer with a fire extinguisher is
close.

4-115. PROTECTIVE APPAREL.

a. Protect yourself from sparks, flying
slag, and flame brilliance at all times.

(1) For gas welding and brazing, use
number 3 or 4 green-shaded tempered lenses.

(2) When gas welding aluminum, use
cobalt-blue tint lenses.

(3) When arc welding, including TIG,
MIG, and plasma cutting; use number 9 to
12 green lenses and a full face-and-neck cov-
ering helmet.

(4) Electronically darkening lenses pro-
vide number 3 to 12 automatic darkening as
soon as the arc is ignited.

b. Wear protective gloves, sleeves,
aprons, and lace-up shoes to protect skin and
clothing from sparks and slag.

CAUTION: Keep all clothing and
protective apparel absolutely free of
oil or grease.

4-116. FIRST-AID KITS. Always keep a
special welder’s first-aid kit where it is easily
accessible. Burns are the most common
welding accidents.

4-117.—4-128. [RESERVED.]
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TABLE 5-2. Listing of commonly accepted standards and specifications for magnetic particle inspection.

NUMBER

TITLE

ASTM STANDARDS

ASTM A275/A275 M-96

ASTM A456/A456 M Rev. A.

Standard Test Method for Magnetic Particle Examination of Steel Forgings.
1995

Standard Specification for Magnetic Particle Examination of Large Crankshaft
Forgings. 1995

ASTM D96 Standard Test Methods for Water and Sediment in Crude Oils by Centrifuge
Method (Field Procedure). 1988

ASTM E125-63 (1993) Standard Reference Photographs for Magnetic Particle Indications on Ferrous
Castings. (Revised 1993) 1963

ASTM E1316-95C Standard Terminology for Nondestructive Examination. 1995 (Replaces ASTM
E269).

SAE-AMS

SPECIFICATIONS

AMS 2300G Premium Aircraft-Quality Steel Cleanliness Magnetic Particle Inspection Proce-
dure. 1891 (Revised 1995)

MAM 2300A Premium Aircraft Quality Steel Cleanliness Magnetic Particle Inspection Proce-
dure Metric (SI) Measurement. 1992

AMS 2303C Aircraft Quality Steel Cleanliness Martensitic Corrosion Resistant Steels Mag-
netic Particle Inspection Procedure. 1993

MAM 2303A Aircraft Quality Steel Cleanliness Martensitic Corrosion Resistant Steels Mag-
netic Particle Inspection Procedure Metric (SI) Measurement. 1983

AMS 2641 Vehicle, Magnetic Particle Inspection Petroleum Base. 1988

AMS 3040B Magnetic Particles, Nonfluorescent, Dry Method. 1985

AMS 30418 Magnetic Particles, Nonfluorescent, Wet Method, Oil Vehicle, Ready-To-Use.
1988

AMS 30428 Magnetic Particles, Nonfluorescent, Wet Method, Dry Powder. 1988

AMS 3043A Magnetic Particles, Nonfluorescent, Wet Method, Oil Vehicle, Aerosol Packaged.
1988

AMS 3044C Magnetic Particles, Fluorescent, Wet Method, Dry Powder. 1989

AMS 3045B Magnetic Particles, Fluorescent, Wet Method, Oil Vehicle Ready-to-Use. 1989

AMS 30468 Magnetic Particles, Fluorescent, Wet Method, Oil Vehicle, Aerosol Packaged.
1989

U.S. GOVERNMENT

SPECIFICATIONS

DOD-F-87935 Fluid, Magnetic Particle inspection, Suspension. 1993

Mil-Std-271F Requirements for Nondestructive Testing Methods. 1993

Mil-Std-410E Nondestructive Testing Personne! Qualifications and Certifications. 1991

MIL-HDBK-728/1
MIL-HDBK-728/4A

Nondestructive Testing. 1985
Magnetic Particle Testing. 1993

OTHER PUBLICATIONS

SNT-TC-1A American Society for Nondestructive Testing. Recommended Practice . 1992
(Personnel Qualification and Certification in Nondestructive Testing and Rec-
ommended Training Courses) Note: Updated every 4 years - 1996 edition
due in early 1997.

ATA No. 105 Air Transport Association of America. Guidelines for Training and Qualifying

ASM Handbook, Personnel in Nondestructive Testing Methods, (Revision 4 1993)

Volume 17 Nondestructive Evaluation and Quality Control. 1989
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5-45. PREPARATION OF SURFACE.

a. Remove protective coatings according
to the manufacturer’s instructions if necessary.
Unless otherwise specified, magnetic particle
examination should not be performed with
coatings in place that could prevent the detec-
tion of surface defects in the ferro-magnetic
substrate.  Such coatings include paint or
chromeplate thicker than 0.003 inch, or ferro-
magnetic coatings such as electroplated nickel
thicker than 0.001 inch.

b. Parts should be free of grease, oil,
rust, scale, or other substances which will in-
terfere with the examination process. If re-
quired, clean by vapor degrease, solvent, or
abrasive means per the manufacturer’s in-
structions. Use abrasive cleaning only as nec-
essary to completely remove scale or rust. Ex-
cessive blasting of parts can affect examination
results.

c. [Exercise extreme care to prevent any
cleaning material or magnetic particles from
becoming entrapped where they cannot be re-
moved. This may require extracting compo-
nents such as bushings, bearings, or inserts
from assemblies before cleaning and magnetic
particle examination.

d. A water-break-free surface is required
for parts to be examined by water suspension
methods. If the suspension completely wets
the surface, this requirement is met.

e. Magnetic particle examination of as-
sembled bearings is not recommended because
the bearings are difficult to demagnetize. If a
bearing cannot be removed, it should be pro-
tected from the magnetic particle examination
materials and locally magnetized with a mag-
netic yoke to limit the magnetic field across
the bearing.
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5-46. METHODS OF EXAMINATION.
Magnetic particle examination generally con-
sists of: the application of magnetic particles;
magnetization; determination of field strength;
special examination techniques; and demag-
netization and post-examination cleaning.
Each of these steps will be described in the
following paragraphs.

5-47. APPLICATION OF MAGNETIC
PARTICLES. The magnetic particles used
can be nonfluorescent or fluorescent (depend-
ent on the examination required) and are ap-
plied suspended in a suitable substance. Fluo-
rescent particles are preferred due to their
higher sensitivity.

a. Wet Continuous Method. Unless oth-
erwise specified, use only the wet continuous
method. In the wet continuous method, the
particle suspension is liberally applied to wet
all surfaces of the part. The magnetizing cur-
rent is applied at the instant the suspension is
diverted from the part. Apply two shots of
magnetizing current, each at least 1/2 second
long.

(1) Wet suspensions of fluorescent par-
ticles, either in water or oil, should be used for
most overhaul and in-service examinations ex-
cept where the material, size, or shape of the
part prohibits its use.

(2) Water, with a suitable rust inhibitor
and wetting agent, may be used as a liquid ve-
hicle, provided that magnetic examination
equipment is designed for use or is satisfacto-
rily converted for use with water.

b. Dry Continuous Method. This
method is not recommended for use on aero-
space components because of its lower sensi-
tivity level.
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¢. Residual Magnetization Method. In
this method, the part is magnetized and the
magnetizing current is then cut off. If the am-
perage has been correctly calculated and qual-
ity indicator has verified the technique, then
one shot will correctly magnetize the part. The
magnetic particles are applied to the part after
the magnetization. This method is dependent
upon the retentiveness of the part, the strength
of the applied field, the direction of magneti-
zation, and the shape of the part.

5-48. MAGNETIZATION.

a. Circular. Circular magnetization is in-
duced in the part by the central-conductor
method or the direct-contact method. (See
figure 5-11.)

(1) Indirect Induction (central-conduc-
tor method). Pass the current through a central
conductor that passes through the part. When
several small parts are examined at one time,
provide sufficient space between each

AC 43.13-1B CHG 1

piece to permit satisfactory coverage (with
particles), magnetization, and examination.

(2) Direct Induction (contact method).
Pass current through the part mounted hori-
zontally between contact plates. As an exam-
ple, circular magnetization of a round steel bar
would be produced by placing the ends of the
steel bar between the heads of the magnetic in-
spection machine and passing a current
through the bars. Magnetic particles applied
either during or after passage of the current, or
after passage of the current in magnetically-
retentive steels, would disclose discontinuities
parallel to the axis of the bar.

NOTE: Exercise extreme caution to
prevent burning of the part at the
electrode contact areas. Some causes
of overheating and arcing are: insuffi-
cient contact area, insufficient contact
pressure, dirty or coated contact ar-
eas, electrode removal during current
flow, and too high an amperage set-
ting.

Direct induction

(head shot) Y /\ l\ (achu
acto Longitudinal Ct:ok at ;nuvom Crack
(Bc:p;:r 1 "'t r :;:c'k will ::o:lu will not show.

Magnetizing current

Indirect induction
{central conductor)

Indirect induction
(central conductor)

FIGURE $-11. Circular magnetization.
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b. Longitudinal. Longitudinal magneti-
zation is induced in a part by placing the part
in a strong magnetic field, such as the center of
a coil or between the poles of an electromag-
netic yoke. (See figure 5-12.) When using a
coil, optimum results are obtained when the
following conditions are met.

(1) The part to be examined is at least
twice as long as it is wide.

(2) The long axis of the part is parallel
to the axis of the coil opening.

3
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The area of the coil opening is at least 10 times
the cross-sectional areas of the part.

(4) The part
inner wall of the coil.

is positioned against the

(5) Three to five turns are employed for
hand-held coils formed with cables.

(6) For the 10-to-1 fill factor, the effec-
tive region of inspection is 1 coil radius on ei-
ther side of the coil with 10 percent overlap.
(Refer to ASTME-1444.)

/—Mag!netizing current
» - rack

Cable—\

The usual way to longitudinally magnetize a
part is to place the part lengthwise inside the
bottom of the coll. Mukiple inspections are
necessary on long parts because the effective
field extends only 6 1o © inches on ekther side of

. May be
flexible g:éf: urrent
ea——.
r':;mgn%'ﬁzi ng gurrent""—
7 curfenl\ Magnetic lines Magnetic fet
Coil shot \ 3 rof orce M
Transverse crack will show
45° crack will show
Longitudinal crack will
not show
‘ Longitudinal magnetic
Weld ——e-¢g gy \ fiekd
Test article
COIL SHOT CABLE WRA!

Cabie wrapping a coll around large or heavy parts is
a common practice. Cable length must be kept as
short as practical to minimize cable -resistancs loss
and ald in obtaining higher current amperages.
Normally, three to five turns are sufficient.

the coll.
YOKE
Essentially a yoke is a temporary horseshoe magnet.
It is made of low-retentivity iron that is magnetized by
a small coil wound around its horizontal bar. Yokes
are recommendied for parts subject 10 arc burns and
for spot inspection of large parts.

FIGURE 5-12. Longitudinal magnetization.
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CAUTION: Improper cleaning meth-
ods can cause severe damage or deg-
radation of the item being cleaned.
Personnel must select and apply
cleaning processes in accordance with
aircraft, engine, propeller, or appli-
ance manufacturer’s recommenda-
tions.

5-63. CLEANERS AND APPLICATIONS.
Use a cleaner to remove contaminants from
parts prior to the application of penetrant in-
spection materials. After the inspection is
completed, penetrant inspection material resi-
dues are removed. The following cleaners are
commonly used during the penetrant inspec-
tion process.

a. Detergents. Detergent cleaners are
water-based chemicals called surfactants,
which surround and attach themselves to parti-
cles of contaminants allowing them to be
washed away.

b. Solvents. Solvents dissolve contami-
nants such as oils, greases, waxes, sealants,
paints, and general organic matter so they can
easily be wiped away or absorbed on a cloth.
They are also used to remove Method C pene-
trant material prior to developer application.

c. Alkalies. Alkaline cleaners are water
solutions of chemicals that remove contami-
nants by chemical action or displacement
rather than dissolving the contaminant.

d. Paint Removers. The general types of
removers used for conventional paint coatings
are solvent, bond release, and disintegrating.

e. Salt Baths. Molten salt baths are used
in removing heavy, tightly-held scale and ox-
ide from low alloy steels, nickel, and cobalt-
base alloys, and some types of stainless steel.
They cannot be used on aluminum, magne-
sium, or titanium alloys.
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f. Acids. Solutions of acids or their salts
are used to remove rust, scale, corrosion prod-
ucts, and dry shop contamination. The type of
acid used and its concentration depends on the
part material and contaminants to be removed.

g. Etching Chemicals. Etching chemi-
cals contain a mixture of acids or alkalies plus
inhibitors. They are used to remove a thin
layer of surface matenial, usually caused by a
mechanical process, that may seal or reduce
the opening of any discontinuities. The type of
etching solution used depends on the part ma-
terial and condition.

h. Penetrant Application. Apply the
penetrant by spraying, brushing, or by com-
pletely submerging the part in a container of
penetrant. Wait the recommended amount of
time after the penetrant has been applied to
allow it to enter any discontinuities

(1) Removal of Excess Penetrant. Ex-
cess penetrant must be removed from the
part’s surface to prevent a loss of contrast be-
tween indications of discontinuities and the
background during the inspection. Removal
may require actually washing or spraying the
part with a cleansing liquid, or may simply re-
quire wiping the part clean with a solvent-
moistened cloth. The removal method is de-
termined by the type of penetrant used.

(2) Drying. If removal of the excess
penetrant involves water or other cleaning lig-
uids, drying of the part may be required prior
to developer application. When drying is re-
quired, the time can be decreased by using ov-
ens or ventilation systems.

i. Developer Application. Apply devel-
oper after excess penetrant is removed and,
where required, the surface is dried. Apply the
developer in a thin uniform layer over the sur-
face to be inspected. Developer acts like a
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blotter to assist the natural capillary action
bleed-out of the penetrant from discontinuities
and to spread the penetrant at discontinuity
surface edges to enhance bleed-out indications.
After the developer is applied, allow sufficient
time for the penetrant to be drawn out of any
discontinuities. Follow the manufacturer’s
recommendations.

j- Inspection for Discontinuities. After
the penetrant has sufficiently developed, visu-
ally inspect the surface for indications from
discontinuities. Evaluate each indication ob-
served to determine if it is within acceptable
limits. Visible penetrant inspection is per-
formed in normal visible white light, whereas
fluorescent penetrant inspection is performed
in black (ultraviolet) light.

k. Post-Cleaning. Remove inspection
material residues from parts after completion
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of penetrant inspection. This residue could
interfere with subsequent part processing, or if
left on some alloys, it could increase their sus-
ceptibility to hydrogen embrittiement, inter-
granular corrosion, and stress corrosion during
service.

5-64. TECHNICAL STANDARDS. Two
of the more generally accepted aerospace in-
dustry standards are the MIL-I-25135E, In-
spection Materials, Penetrants (see table 5-6)
and ASTM-E-1417. The penetrant materials
specification (MIL-1-25135E) is used to pro-
cure penetrant materials and the process con-
trol specification (MIL-STD-6866) is used to
establish minimum requirements for conduct-
ing a penetrant inspection. Table 5-6 provides
a partial listing of commonly-accepted stan-
dards and specifications for penetrant inspec-
tion.
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FIGURE 5-17. Typical portable ultrasonic inspection in-
strument.

ultrasonic pulse, detects and amplifies the re-
turning echo, and displays the detected signal
on a cathode ray tube or similar display. Pie-
zoelectric transducers produce longitudinal or
shear waves, which are the most commonly
used wave forms for aircraft structural inspec-
tion.

b. Positioning Fixtures. To direct ultra-
sound at a particular angle, or to couple it into
an irregular surface, transducer positioning
fixtures and sound-coupling shoes are em-
ployed. (See figure 5-18.) Shoes are made of
a plastic material that has the necessary sound-
transmitting characteristics. Positioning fix-
tures are used to locate the transducer at a pre-
scribed point and can increase the sensitivity
of the inspection. (See figure 5-19.) 1If a
transducer shoe or positioning fixture is re-
quired, the inspection procedure will give a
detailed description of the shoe or fixture.

c¢. Reference Standards. Reference stan-
dards are used to calibrate the ultrasonic in-
strument (see figure 5-20), reference standards
serve two purposes to provide an ultrasonic re-
sponse pattern that is related to the part being
inspected, and to establish the required inspec-
tion sensitivity. To obtain a representative re-
sponse pattern, the reference standard configu-
ration is the same as that of the test structure,
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or is a configuration that provides an ultrasonic
response pattern representative of the test
structure. The reference standard contains a
simulated defect (notch) that is positioned to
provide a calibration signal representative of
the expected defect. The notch size is chosen
to establish inspection sensitivity (response to
the expected defect size). The inspection pro-
cedure gives a detailed description of the re-
quired reference standard.

d. Couplants. Inspection with ultrasonics
is limited to the part in contact with the trans-
ducer. A layer of couplant is required to cou-
ple the transducer to the test piece because ul-
trasonic energy will not travel through air.
Some typical couplants used are: water, glyc-
erin, motor oils, and grease.

594. INSPECTION OF BONDED
STRUCTURES. Ultrasonic inspection is
finding increasing application in aircraft

bonded construction and repair. Detailed
techniques for specific bonded structures
should be obtained from the OEM’s manuals,
or FAA requirements. In addition, further in-
formation on the operation of specific instru-
ments should be obtained from the applicable
equipment manufacturer manuals.

a. Types of Bonded Structures. Many
configurations and types of bonded structures
are in use in aircraft. All of these variations
complicate the application of ultrasonic in-
spections. An inspection method that works
well on one part or one area of the part may
not be applicable for different parts or areas of
the same part. Some of the variables in the
types of bonded structures are as follows.

(1) Top skin material is made from dif-
ferent materials and thickness.

(2) Different types and thickness of ad-
hesives are used in bonded structures.
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FIGURE 5-18. Example of position fixture and shoe.
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CHAPTER 6. CORROSION, INSPECTION & PROTECTION

SECTION 1.

6-1. GENERAL. The purpose of this chap-
ter is to provide information that will help
maintenance personnel prevent, control, iden-
tify, and treat various types of corrosion. (Re-
fer to AC 43-4A, Corrosion Control For Air-
craft for a more in-depth study on the detection
and treatment of corrosion.)

a. Corrosion is a natural occurrence that
attacks metal by chemical or electrochemical
action and converts it back to a metallic com-
pound.

b. Four conditions must exist before
electrochemical corrosion can occur. (See fig-
ure 6-1.) They are:

(1) A metal subject to corrosion (An-
ode);

(2) A dissimilar conductive material
(Cathode), which has less tendency to corrode;

(3) Presence of a continuous, conduc-
tive liquid path (Electrolyte); and

(4) Electrical contact between the anode
and the cathode (usually in the form of metal-
to-metal contact such as rivets, bolts, and cor-
rosion).

c¢. Elimination of any one of these condi-
tions will stop electrochemical corrosion. (See
figure 6-2.)

NOTE: Paint can mask the initial
stages of corrosion. Since corrosion
products occupy meore volume than
the original metal, painted surfaces
should be inspected often for irregu-
larities such as blisters, flakes, chips,
and lumps.

Par 6-1
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6-2. FACTORS INFLUENCING COR-
ROSION.

a. Some factors which influence metal
corrosion and the rate of corrosion are;:

(1) Type of metal;
(2) Heat treatment and grain direction;

(3) Presence of a dissimilar, less corro-
dible metal;

(4) Anodic and cathodic surface areas
(in galvanic corrosion);

(5) Temperature;

(6) Presence of electrolytes (hard water,
salt water, battery fluids, etc.);

(7) Availability of oxygen;
(8) Presence of biological organisms;

(9) Mechanical stress on the corroding
metal; and,

(10) Time of exposure to a corrosive
environment.

(11) Lead/graphite pencil marks on air-
craft surface metals.

b. Most pure metals are not suitable for
aircraft construction and are used only in com-
bination with other metals to form alloys.
Most alloys are made up entirely of small
crystalline regions, called grains. Corrosion
can occur on surfaces of those regions which
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are less resistant and also at boundaries be- ily), such as magnesium and aluminum, cor-
tween regions, resulting in the formation of rode easily. The most noble metals (those
pits and intergranular corrosion. Metals have a  which do not lose electrons easily), such as

wide range of corrosion resistance. The most gold and silver, do not corrode easily.
active metals, (those which lose electrons eas-
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FIGURE 6-1. Simplified corrosion cell showing conditions which must exist for electrochemical corrosion.
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FIGURE 6-2. Elimination of corrosion by application of an organic film to metal surface.
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c. Corrosion is quickened by high-
temperature environments that accelerate
chemical reactions and increase the concentra-
tion of water vapor in the air.

d. Electrolytes (electrically-conducting
solutions) form on surfaces when condensa-
tion, salt spray, rain, or rinse water accumu-
late. Dirt, salt, acidic gases, and engine ex-
haust gases can dissolve on wet surfaces, in-
creasing the electrical conductivity of the
electrolyte, thereby increasing the rate of cor-
rosion.

e. When some of the electrolyte on a
metal surface is partially confined, (such as
between faying surfaces or in a deep crevice)
the metal around this area corrodes more rap-
idly. This type of corrosion is called an oxygen
concentration cell. Corrosion occurs more
rapidly because the reduced oxygen content of
the confined electrolyte causes the adjacent
metal to become anodic to other metal surfaces
on the same part that are immersed in electro-
lyte or exposed to air.

f. Slime, molds, fungi, and other living
organisms (SOme microscopic) can grow on
damp surfaces. Once they are established, the
area usually remains damp, increasing the pos-
sibility of corrosion.

g. Manufacturing processes such as ma-
chining, forming, welding, or heat treatment
can leave residual stress in aircraft parts and
can cause cracking in a corrosive environment.

6-3. COMMON CORROSIVE AGENTS.
Substances that cause corrosion are called cor-
rosive agents. The most common corrosive
agents are acids, alkalies, and salts. The at-
mosphere and water, the two most common
media for these agents, may also act as corro-
sive agents.
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a. Any acid will severely corrode most
of the alloys used in airframes. The most de-
structive are sulfuric acid (battery acid), halo-
gen acids (hydrochloric, hydrofluoric, and hy-
drobromic), nitrous oxide compounds, and or-
ganic acids found in the wastes of humans and
animals.

b. Alkalies, as a group, are not as corro-
sive as acids. Aluminum and magnesium al-
loys are exceedingly prone to corrosive attack
by many alkaline solutions unless the solutions
contain a corrosion inhibitor. Substances par-
ticularly corrosive to aluminum are washing
soda, potash (wood ashes), and lime (cement
dust).

c¢. The major atmospheric corrosive
agents are oxygen and airborne moisture.
Corrosion often results from the direct action
of atmospheric oxygen and moisture on metal
nd the presence of additional moisture often
accelerates corrosive attack, particularly on
ferrous alloys. The atmosphere may also con-
tain other corrosive gases and contaminants,
particularly industrial and marine salt spray.

d. The corrosiveness of water depends
on the type and quantity of dissolved mineral
and organic impurities and dissolved gasses
(particularly oxygen) in the water. One char-
acteristic of water that makes it corrosive is its
conductivity. Physical factors, such as water
temperature and velocity also have a direct
bearing on its corrosiveness.

6-4. MICRO-ORGANISMS.

a. Bacteria may be either aerobic or an-
aerobic. Aerobic bacteria require oxygen to
live. They accelerate corrosion by oxidizing
sulfur to produce sulfuric acid. Bacteria living
adjacent to metals may promote corrosion by
depleting the oxygen supply or by releasing
metabolic products. Anaerobic bacteria, on the
other hand, can survive only when free oxygen
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is not present. The metabolism of these bacte-
ria requires them to obtain part of their suste-
nance by oxidizing inorganic compounds, such
as iron, sulfur, hydrogen, and carbon monox-
ide. The resultant chemical reactions cause
corrosion.

b. Fungi are the growths of micro-
organisms that feed on organic materials.
While low humidity does not kill microbes, it
slows their growth and may prevent corrosion
damage. Ideal growth conditions for most mi-
cro-organisms are temperatures between
68 and 104 °F (20 and 40 °C) and relative hu-
midity between 85 and 100 percent.

c. Damage resulting from microbial
growth can occur when any of three basic
mechanisms, or a combination of these, is
brought into play. First, fungi have a tendency
to hold moisture, which contributes to other
forms of corrosion. Second, because fungi are
living organisms, they need food to survive.
This food is obtained from the material on
which the fungi are growing. Third, these mi-
cro-organisms secrete corrosive fluids that at-
tack many matenals, including some that are
not fungi nutrient.
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d. Microbial growth must be removed
completely to avoid corrosion. Microbial
growth should be removed by hand with a firm
non-metallic bristle brush and water. Removal
of microbial growth is easier if the growth is
kept wet with water. Microbial growth may
also be removed with steam at 100 psi. Pro-
tective clothing must be used when using
steam for removing microbial growth.

6-5.—6-10. [RESERVED.]
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SECTION 2. TYPES OF CORROSION

6-11. GENERAL. All corrosive attacks be-
gin on the surface of the metal making the
classification of corrosion by physical appear-

ance a convenient means of identification.
(See figure 6-3.)

SURFACE CORROSION

CORROSION

ATTACK MUST BEGIN AT OUTER SURFACE
BEFORE PENETRATION

FIGURE 6-3. Corrosion attack.

6-12. GENERAL SURFACE CORRO-
SION. General surface corrosion (also re-
ferred to as Uniform Etch or Uniform Attack
Corrosion) is the most common form of corro-
sion and results from a direct chemical attack
on a metal surface and involves only the metal
surface. (See figure 6-4.) General surface cor-
rosion usually occurs over a wide area and is
more or less equal in dispersion. On a pol-
ished surface, this type of corrosion is first
seen as a general dulling of the surface, and if
allowed to continue, the surface becomes
rough and possibly frosted in appearance. The
discoloration or general dulling of metal cre-
ated by exposure to elevated temperatures is
not to be considered general surface corrosion.

FIGURE 6-4. General surface corrosion.
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6-13. PITTING CORROSION. Pitting
corrosion is one of the most destructive and
intense forms of corrosion. It can occur in any
metal but is most common on metals that form
protective oxide films, such as aluminum and
magnesium alloys. It is first noticeable as a
white or gray powdery deposit, similar to dust,
which blotches the surface. When the deposit
is cleaned away, tiny holes or pits can be seen
in the surface. (See figures 6-5(a) and 6-5(b).)
These small surface openings may penetrate
deeply into structural members and cause
damage completely out of proportion to its sur-
face appearance.

FIGURE 6-5(b). Pitting corrosion (magnified cross sec-
tion).
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6-14. CONCENTRATION CELL COR-
ROSION. Concentration cell corrosion, (also
known as Crevice Corrosion) is corrosion of
metals in a metal-to-metal joint, corrosion at
the edge of a joint even though the joined met-
als are identical, or corrosion of a spot on the
metal surface covered by a foreign material.
Metal ion concentration cells and oxygen con-
centration cells are the two general types of
concentration cell corrosion. (See figure 6-6.)

a. Metal Ion Concentration Cells. The
solution may consist of water and ions of the
metal which is in contact with water. A high
concentration of the metal ions will normally
exist under faying surfaces where the solution
is stagnant, and a low concentration of metal
ions will exist adjacent to the crevice which is
created by the faying surface. An electrical
potential will exist between the two points; the
area of the metal in contact with the low con-
centration of metal ions will be anodic and
corrode, and the area in contact with the high
metal ion concentration will be cathodic and
not show signs of corrosion.

b. Oxygen Concentration Cells. The
solution in contact with the metal surface will
normally contain dissolved oxygen. An oxy-
gen cell can develop at any point where the
oxygen in the air is not allowed to diffuse into
the solution, thereby creating a difference in
oxygen concentration between two points.
Typical locations of oxygen concentration
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cells are under gaskets, wood, rubber, and
other materials in contact with the metal sur-
face. Corrosion will occur at the area of low
oxygen concentration (anode). Alloys such as
stainless steel are particularly susceptible to
this type of crevice corrosion.

6-15. ACTIVE-PASSIVE CELLS. Metals
which depend on a tightly adhering passive
film, usually an oxide, for corrosion protection
are prone to rapid corrosive attack by active-
passive cells. Active-passive cells are often re-
ferred to as a type of concentration cell corro-
sion. However, the active-passive cell is actu-
ally two forms of corrosion working in con-
junction. The corrosive action usually starts as
an oxygen concentration cell. As an example,
salt deposits on the metal surface in the pres-
ence of water containing oxygen can create the
oxygen cell. The passive film will be broken
beneath the salt crystals. Once the passive
film is broken, the active metal beneath the
film will be exposed to corrosive attack. (See
figure 6-7.) Rapid pitting of the active metal
will result. This reaction can become locally
intense due to several factors. First the reac-
tion is augmented by the affected area, since
the proportion of the exposed base metal is
small compared to the swrrounding non-
reactive metal. This effectively concentrates
the focal point of the reaction, often resulting
in deep pits in a short time and a greater rate of
corrosion.

OW METAL {ON CONCENTRATION

METAL ION CONCENTRATION CELL

HIGH OXYGEN CONCENTRATION

LOW OXYGEN CONCENTRATION

\\\xﬁ\\:\\\\\\\\\&\\

OXYGEN CONCENTRATION CELL

FIGURE 6-6. Concentration cell corrosion.
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6-16. FILIFORM CORROSION. Filiform
corrosion is a special form of oxygen concen-
tration cell which occurs on metal surfaces
having an organic coating system. It is recog-
nized by its characteristic worm-like trace of
corrosion products beneath the paint film.
(See figure 6-8.) Polyurethane finishes are es-
pecially susceptible to filiform corrosion. Fili-
form occurs when the relative humidity of the
air is between 78 and 90 percent and the sur-
face is slightly acidic. This corrosion usually
attacks steel and aluminum surfaces. The
traces never cross on steel, but they will cross
under one another on aluminum which makes
the damage deeper and more severe for alumi-
num. If the corrosion is not removed, the area
treated, and a protective finish applied, the cor-
rosion can lead to inter-granular corrosion, es-
pecially around fasteners and at seams. Fili-
form corrosion can be removed using glass
bead blasting material with portable abrasive
blasting equipment or sanding. Filiform cor-
rosion can be prevented by storing aircraft in
an environment with a relative humidity below
70 percent, using coating systems having a low
rate of diffusion for oxygen and water vapors,
and by washing the aircraft to remove acidic
contaminants from the surface.

6-17. INTERGRANULAR CORROSION.
Inter-granular corrosion is an attack on the
grain boundaries of a metal. A highly magni-
fied cross section of any commercial alloy
shows the granular structure of the metal. It
consists of quantities of individual grains, and
each of these tiny grains has a clearly

AC 43.13-1B CHG 1

defined boundary which chemically differs
from the metal within the grain. The grain
boundary and the grain center can react with
each other as anode and cathode when in con-
tact with an electrolyte. (See figure 6-9.)
Rapid selective corrosion of the grain bounda-
ries can occur. High-strength aluminum alloys
such as 2014 and 7075 are more susceptible to
inter-granular corrosion if they have been im-
properly heat-treated and then exposed to a
corrosive environment.

6-18. EXFOLIATION CORROSION. Ex-
foliation corrosion is an advanced form of in-
ter-granular corrosion and shows itself by lift-
ing up the surface grains of a metal by the
force of expanding corrosion products occur-
ring at the grain boundaries just below the sur-
face. (See figure 6-10.) It is visible evidence
of inter-granular corrosion and is most often
seen on extruded sections where grain thick-
ness are usually less than in rolled forms.

PASSIVE FILM
PROTECTS EXPOSED “a,

SURFACE

P st et —————

ACTIVE - PASSIVE CELL

FOREIGN MATERIAL CREATES
LOW OXYGEN REGION WHICH
PREVENTS THE RE-FORMATION
OF PASSIVE FILM

FIGURE 6-7. Active-passive cell.
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ELECTROLYTE ENTERS
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CORROSION — STEEL
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FIGURE 6-9. Inter-granular Corrosion of 7075-T6 aluminum adjacent to steel fastener.

—
— | PRODUCTS
el UFT SURFACE
END GRAIN
EXPOSED BY
MACHINING

FIGURE 6-10. Exfoliation corrosion.

6-19. GALVANIC CORROSION. Gal-
vanic corrosion occurs when two dissimilar
metals make contact in the presence of an
electrolyte. (See figure 6-11.) It is usually
recognizable by the presence of a build-up of
corrosion at the joint between the metals.

6-20. STRESS CORROSION CRACKING.

This form of corrosion involves a constant or
cyclic  stress, acting in  conjunction
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with a damaging chemical environment. The
stress may be caused by internal or external
loading.

a. Internal stress may be trapped in a
part of structure during manufacturing proc-
esses such as cold working or by unequal
cooling from high temperatures. Most manu-
facturers follow up these processes with a
stress relief operation. Even so, sometimes
stress remains trapped. The stress may be ex-
ternally introduced in part structure by rivet-
ing, welding, bolting, clamping, press fit, etc.
If a slight mismatch occurs, or a fastener is
over-torque, internal stress will be present.

b. Internal stress is more important
than design stress, because stress corrosion is
difficult to recognize before it has overcome
the design safety factor. The level of stress
varies from point to point within the metal.
Stresses near the yield strength are generally
necessary to promote stress corrosion cracking.
(See figure 6-12.) However, failures may oc-
cur at lower stresses. Specific environments
have been identified which cause stress corro-
sion cracking of certain alloys.
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CHAPTER 7. AIRCRAFT HARDWARE, CONTROL CABLES,
AND TURNBUCKLES

SECTION 1. RIVETS

7-1. GENERAL.

a. Standard solid-shank rivets and the
universal head rivets (AN470) are used in air-
craft construction in both interior and exterior
locations. All protruding head rivets may be
replaced by MS20470 (supersedes AN470)
rivets. This has been adopted as the standard
for protruding head rivets in the United States.

b. Roundhead rivets (AN430) are used in
the interior of aircraft except where clearance
is required for adjacent members.

¢. Flathead rivets (AN442) are used in
the interior of the aircraft where interference of
adjacent members does not permit the use of
roundhead rivets.

d. Brazierhead rivets (AN455 and
AN456) are used on the exterior surfaces of
aircraft where flush riveting is not essential.

e. Countersunk head rivets MS20426
(supersedes AN426 100-degree) are used on
the exterior surfaces of aircraft to provide a
smooth aerodynamic surface, and in other ap-
plications where a smooth finish is desired.
The 100-degree countersunk head has been
adopted as the standard in the United States.
Refer to MIL-HD BKS Metallic Matenals and
Elements for Fight Vehicle Structures, and
U.S.A.F./Navy T./O. 1-1A-8, Structural Hard-

"

ware.

f. Typical rivet types are shown in ta-
ble 7-10.
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7-2. MATERIAL APPLICATIONS.

a. Rivets made with 2117-T4 are the
most commonly used rivets in aluminum alloy
structures. The main advantage of 2117-T4 is
that it may be used in the condition received
without further treatment.

b. The 2017-T3, 2017-T31, and 2024-T4
rivets are used in aluminum alloy structures
where strength higher than that of the 2117-T4
rivet is needed. See Metallic Materials and
Elements for Flight Vehicle Structures
(MIL-HDBK-5) for differences between the
types of rivets specified here.

c¢. The 1100 rivets of pure aluminum are
used for riveting nonstructural parts fabricated
from the softer aluminum alloys, such as 1100,
3003, and 5052.

d. When riveting magnesium alloy
structures, 5056 rivets are used exclusively
due to their corrosion-resistant qualities in
combination with the magnesium alloys.

e. Mild steel rivets are used primarily in
riveting steel parts. Do not use galvanized
rivets on steel parts subjected to high heat.

f. Corrosion-resistant steel rivets are
used primarily in riveting corrosion-resistant
steel parts such as firewalls, exhaust stack
bracket attachments, and similar structures.
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g. Monel rivets are used in special cases
for riveting high-nickel steel alloys and nickel
alloys. They may be used interchangeably
with stainless steel rivets as they are more eas-
ily driven. However, it is preferable to use
stainless steel rivets in stainless steel parts.

h. Copper rivets are used for riveting
copper alloys, leather, and other nonmetallic
materials. This rivet has only limited usage in
aircraft.

i. Hi-Shear rivets are sometimes used in
connections where the shearing loads are the
primary design consideration. Its use is re-
stricted to such connections. It should be
noted that Hi-Shear rivets are not to be used
for the installation of control surface hinges
and hinge brackets. Do not paint the rivets be-
fore assembly, even where dissimilar metals
are being joined. However, it is advisable to
touch up each end of the driven rivet with
primer to allow the later application of the
general airplane finish.
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). Blind rivets in the NASM20600
through NASM20603 series rivets and the me-
chanically-locked stem NAS 1398, 1399,
1738, and 1739 rivets sometimes may be sub-
stituted for solid rivets. They should not be
used where the looseness or failure of a few
rivets will impair the airworthiness of the air-
craft. Design allowable for blind rivets are
specified in MIL-HDBK-S. Specific structural
applications are outlined in NASM33522.
Nonstructural applications for such blind rivets
as NASM20604 and NASM20605 are con-
tained in NASM33557.

CAUTION: For sheet metal repairs to air-
frame, the use of blind rivets must be
authorized by the airframe manufacturer or
approved by a representative of the FAA.

For more information on blind rivets, see page
4-19, f. of this document.

7-3.—7-13. [RESERVED.]
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7-149. CABLE SYSTEM INSPECTION.
Aircraft cable systems are subject to a variety
of environmental conditions and deterioration.
Wire or strand breakage is easy to visually
recognize. Other kinds of deterioration such as
wear, corrosion, and/or distortion are not eas-
ily seen; therefore, control cables should be
removed periodically for a more detailed in-
spection.

a. At each annual or 100 hour inspec-
tion, all control cables must be inspected for
broken wires strands. Any cable assembly that
has one broken wire strand located in a critical
fatigue area must be replaced.

b. A critical fatigue area is defined as the
working length of a cable where the cable runs
over, under, or around a pulley, sleeve, or
through a fair-lead; or any section where the
cable is flexed, rubbed, or worked in any man-
ner; or any point within 1 foot of a swaged-on
fitting.

¢. A swaged-on fitting can be an eye,
fork, ball, ball and shank, ball and double
shank, threaded stud, threaded stud and turn-
buckle, compression sleeve, or any hardware
used as a termination or end fitting on the ca-
ble. These fittings may be attached by various
swaging methods such as rotary swaging, roll
swaging, hydraulic pressing, and hand swaging
tools. (See MIL-T-781.) The pressures ex-
erted on the fittings during the swaging proc-
ess sometimes pinch the small wires in the ca-
ble. This can cause premature failure of the
pinched wires, resulting in broken wires.

d. Close inspection in these critical fa-
tigue areas, must be made by passing a cloth
over the area to snag on broken wires. This
will clean the cable for a visual inspection, and
detect broken wires if the cloth snags on the
cable. Also, a very careful visual inspection
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must be made since a broken wire will not al-
ways protrude or stick out, but may lie in the
strand and remain in the position of the helix
as it was manufactured. Broken wires of this
type may show up as a hairline crack in the
wire. If a broken wire of this type is sus-
pected, further inspection with a magnifying
glass of 7 power or greater, is recommended.
Figure 7-16 shows a cable with broken wires
that was not detected by wiping, but was found
during a visual inspection. The damage be-
came readily apparent when the cable was re-
moved and bent as shown in figure 7-16.

FIGURE 7-16. Cable inspection technique.

e. Kinking of wire cable can be avoided
if properly handled and installed. Kinking is
caused by the cable taking a spiral shape as the
result of unnatural twist. One of the most
common causes for this twist is improper un-
reeling and uncoiling. In a kinked cable,
strands and wires are out of position, which
creates unequal tension and brings excessive
wear at this part of the cable. Even though the
kink may be straightened so that the damage
appears to be slight, the relative adjustment
between the strands has been disturbed so that
the cable cannot give maximum service and
should be replaced. Inspect cables for a
popped core or loose strands. Replace any ca-
ble that has a popped core or loose strands re-
gardless of wear or broken wires.
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f. Nylon-jacketed cable with any cracks
or necking down in the diameter of the jacket
shall be replaced. Usable cable life is over
when these conditions begin to appear in the
nylon jacket.

g. [External wear patterns will extend
along the cable equal to the distance the cable
moves at that location and may occur on one
side of the cable or on its entire circumference.
Replace flexible and nonflexible cables when
the individual wires in each strand appear to
blend together (outer wires worn 40 to 50 per-
cent) as depicted in figure 7-17. Actual in-
stances of cable wear beyond the recom-
mended replacement point are shown in fig-
ure 7-18.

(MOTE BLENDING OF WORN AREAS)

NOIVIOUAL OUTER WIRES WORN LESS THAN 40%
(WORN AREAS INOIVIDUALLY DISTINGUISHABLE)

FIGURE 7-17. Cable wear patterns.
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h. As wear is taking place on the exterior
surface of a cable, the same condition is taking
place internally, particularly in the sections of
the cable which pass over pulleys and quad-
rants. This condition (shown in figure 7-19) is
not easily detected unless the strands of the
cable are separated. This type of wear is a re-
sult of the relative motion between inner wire
surfaces. Under certain conditions, the rate of
this type of wear can be greater than that oc-
curring on the surface.

FIGURE 7-18. Worn cable (replacement necessary).

i. Areas especially conducive to cable
corrosion are battery compartments, lavatories,
wheel wells, etc.; where a concentration of
corrosive fumes, vapors, and liquids can ac-
cumulate. Carefully examine any cable for
corrosion, when it has a broken wire in a sec-
tion that is not in contact with a wear-
producing airframe component, such as a pul-
ley, fair-lead, etc. If the surface of the cable is
corroded, relieve cable tension and carefully
force the cable open by reverse twisting and
visually inspect the interior. Corrosion on the
interior strands of the cable constitutes failure,
and the cable must be replaced. If no internal
corrosion is detected, remove loose external
rust and corrosion with a clean, dry, coarse-
weave rag, or fiber brush. Do not use metallic
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FIGURE 7-19. Internal end view of cable wear.

wool or solvents to clean installed cables. Use
of metallic wool will embed dissimilar metal
particles in the cables and create further corro-
sion problems. Solvents will remove internal
cable lubricant allowing cable strands to
abrade and further corrode. After thorough
cleaning, sparingly apply specification
MIL-C-16173, grade 4, corrosion-preventive
compound to cable. Do not apply the material
so thick that it will interfere with the operation
of cables at fair-leads, pulleys, or grooved
bellcrank areas.

j. Examine cable rums for incorrect
routing, fraying, twisting, or wear at fair-leads,
pulleys, antiabrasion strips, and guards. Look
for interference with adjacent structure,
equipment, wiring, plumbing, and other con-
trols. Inspect cable systems for binding, full
travel, and security of attaching hardware.
Check for slack in the cable system by at-
tempting to move the control column and/or
pedals while the gust locks are installed on the
control surfaces. With the gust locks removed,
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actuate the controls and check for friction or
hard movement. These are indications that ex-
cessive cable tension exists.

NOTE: If the control movement is stiff
after maintenance is performed on con-
trol surfaces, check for parallel cables
twisted around each other, or cables
connected in reverse.

k. Check swaged terminal reference
marks for an indication of cable slippage
within the fitting. Inspect the fitting assembly
for distortion and/or broken strands at the ter-
minal. Ensure that all bearings and swivel fit-
tings (bolted or pinned) pivot freely to prevent
binding and subsequent failure. Check turn-
buckles for proper thread exposure and broken
or missing safety wires/clips.

1. Inspect pulleys for roughness, sharp
edges, and presence of foreign material em-
bedded in the grooves. Examine pulley bear-
ings to ensure proper lubrication, smooth rota-
tion; and freedom from flat spots, dirt, and
paint spray. During the inspection, rotate the
pulleys, which only turn through a small arc,
to provide a new bearing surface for the cable.
Maintain pulley alignment to prevent the cable
from riding on the flanges and chafing against
guards, covers, or adjacent structure. Check
all pulley brackets and guards for damage,
alignment, and security.

m. Various cable system malfunctions
may be detected by analyzing pulley condi-
tions. These include such discrepancies as too
much tension, misalignment, pulley bearing
problems, and size mismatches between cables
and pulleys. Examples of these condition are
shown in figure 7-20.
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PULLY TOO LARGE FOR CABLE

FIGURE 7-20. Pulley wear patterns.

n. Inspect fair-leads for wear, breakage,
alignment, cleanliness, and security. Examine
cable routing at fair-leads to ensure that defec-
tion angles are no greater than 3°Omaximum.
Determine that all guides and anti-abrasion
strips are secure and in good condition.

o. Examine pressure seals for wear and/or
material deterioration. Seal guards should be
positioned to prevent jamming of a pulley in
case pressure seal fails and pieces slide along
the cable.

7-150. CORROSION AND RUST PRE-
VENTION. To ensure a satisfactory service
life for aircraft control cables, use a cable lu-
bricant to reduce internal friction and prevent
corrosion.

a. If the cable is made from tinned steel,
coat the cable with rust-preventive oil, and
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wipe off any excess. It should be noted that
corrosion-resistant steel cable does not require
this treatment for rust prevention.

b. Lubrication and corrosion preventive
treatment of carbon steel cables may be ef-
fected simultaneously by application of com-
pound MIL-C-16173, grade 4, or
MIL-C-11796, Classl. MIL-C-16173 com-
pound should be brushed, sprayed, or wiped on
the cable to the extent it penetrates into the
strands and adequately covers the cable sur-
faces. It will dry “tack free” in 24 hours at
77 °F. MIL-C-11796 compound is applied by
dipping the cable for 1/2 minute into a tank of
compound heated to 77 °+ 5 °C (170 ° + 9 °F)
for 1/2 minute then removing it and wiping off
the excess oil. (An example of cable corro-
sion, attributable to battery acid, is shown in
figure 7-21.)
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FIGURE 7-21. Corrosion.

7-151. WIRE SPLICES. Standard manu-
facturing splices have been mistaken for de-
fects in the cable because individual wire end
splices were visible after assembly of a fin-
ished cable length. In some instances, the pro-
cess of twisting outer strands around the core
strand may also slightly flatten individual
outer wires, particularly in the area of a wire
splice. This flattening is the result of die-
sizing the cable, and does not affect the
strength of the cable. These conditions (as
shown in figure 7-22) are normal, and are not a
cause for cable rejection.

FIGURE 7-22. Manufacturer’s wire splice.
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7-152. CABLE MAINTENANCE. Fre-
quent inspections and preservation measures
such as rust-prevention treatments for bare
carbon steel cable areas, will help to extend
cable service life. Where cables pass through
fair-leads, pressure seals, or over pulleys, re-
move accumulated heavy coatings of corro-
sion-prevention compound. Provide corrosion
protection for these cable sections by lubri-
cating with a light coat of grease or general-
purpose, low-temperature oil.

7-153. CABLE TENSION ADJUST-
MENT. Carefully adjust, control cable ten-
sion in accordance with the airframe manu-
facturer’s recommendations. On large aircraft,
take the temperature of the immediate area into
consideration when using a tension meter. For
long cable sections, use the average of two or
three temperature readings to obtain accurate
tension values. If necessary, compensate for
extreme surface temperature varations that
may be encountered if the aircraft is operated
primarily in unusual geographic or climatic
conditions such as arctic, arid, or tropic loca-
tions. Use rigging pins and gust locks, as nec-
essary, to ensure satisfactory results. At the
completion of rigging operations, check tum-
buckle adjustment and safetying in accordance
with section 10 of this chapter.

7-154.—7-164. [RESERVED.]
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a. Differential Compression Test. The
most common type of compression tester cur-
rently in use is the differential pressure-type
- tester. It provides a cross-reference to validate
the readings obtained and tends to assure that
the cylinder is defective before it is removed.
Before beginning a compression test, consider
the following points:

(1) When the spark plugs are removed
from the engine, identify them to coincide with
the cylinder and location from which they
were removed. Close examination of the plugs
will reveal the actual operating conditions and
aid in diagnosing problems within each indi-
vidual cylinder.

(2) The operating and maintenance rec-
ords of the engine should be reviewed. Rec-
ords of previous compression tests are of as-
sistance in determining progressive wear con-
ditions and help to establish the necessary
maintenance corrective actions.

b. Differential Pressure Compression
Test. The differential pressure tester is de-
signed to check the compression of aircraft en-
gines by measuring the leakage through the
cylinders caused by worn or damaged compo-
nents. The operation of the compression tester
is based on the principle that, for any given
airflow through a fixed orifice, a constant pres-
sure drop across that orifice will result. The
restrictor orifice dimensions in the differential
pressure tester should be sized for the particu-
lar engine as follows:

(1) For an engine cylinder having less
than a 5.00-inch bore; 0.040-inch orifice di-
ameter; .250 inch long; and a 60-degree ap-
proach angle.

(2) For an engine cylinder with 5.00

inch bore and over: 0.060 inch orifice diame-
ter, .250 inch long, 60 degree approach angle.
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(3) A typical schematic diagram of the
differential pressure tester is shown in
figure 8-1.

CYLINDER
l ADAPTER

AR
\VALVE

CYLINDER 1

O=| | 7

CYLINDER
RESTRICTOR
ORFICE ™~
REGULATOR
PRESSURE

PRESSURE |
REGULATOR— ={l

=

)

cownssssoS
AIR SOURCE

FIGURE 8-1. Schematic of differential pressure com-
pression tester.

(4) As the regulated air pressure is ap-
plied to one side of the restrictor orifice with
the air valve closed, there will be no leakage
on the other side of the orifice and both pres-
sure gauges will read the same. However,
when the air valve is opened and leakage
through the cylinder increases, the cylinder
pressure gauge will record a proportionally
lower reading.

(5) While performing the check the
following procedures are listed to outline the
principles involved, and are intended to sup-
plement the manufacturer’s instructions for the
particular tester being used.
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(a) Perform the compression test as
soon as possible after the engine is shut down
to ensure that the piston rings, cylinder walls,
and other engine parts are well-lubricated.

(b) Remove the most accessible
spark plug from each cylinder.

(c) With the air valve closed, apply
an external source of clean air (approximately
100 to 120 psi) to the tester.

(d) Install an adapter in the spark
plug bushing and connect the compression
tester to the cylinder.

(e) Adjust the pressure regulator to
obtain a reading of 20 psi on the regulator
pressure gauge. At this time, the cylinder
pressure gauge should also register 20 psi.

(f) Turn the crankshaft, by hand, in
the direction of rotation until the piston (in the
cylinder being checked) is coming up on its
compression stroke. Slowly open the air valve
and pressurize the cylinder to 80 psi.

CAUTION: Care must be exercised
in opening the air valve since suffi-
cient air pressure will have built up in
the cylinder to cause it to rapidly ro-
tate the propeller if the piston is not at
top dead center (TDC).

(8) Continue rotating the engine
against this pressure until the piston reaches
TDC. Reaching TDC is indicated by a flat
spot or sudden decrease in force required to
turn the crankshaft. If the crankshaft is rotated
too far, back up at least one-half revolution
and start over again to eliminate the effect of
backlash in the valve operating mechanism
and to keep piston rings seated on the lower
ring lands.
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(h) Open the air valve completely.
Check the regulated pressure and readjust, if
necessary, to read 80 psi.

(i) Observe the pressure indication of
the cylinder pressure gauge. The difference
between this pressure and the pressure shown
by the regulator pressure gauge is the amount
of leakage through the cylinder. A loss in ex-
cess of 25 percent of the input air pressure is
cause to suspect the cylinder of being defec-
tive; however, recheck the readings after oper-
ating the engine for at least 3 minutes to allow
for sealing of the rings with oil.

(j) If leakage is still occurring after a
recheck, it may be possible to correct a low
reading. This is accomplished by placing a fi-
ber drift on the rocker arm directly over the
valve stem and tapping the dnft several times
with a hammer to dislodge any foreign mate-
rial between the valve face and seat.

NOTE: When correcting a low read-
ing in this manner, rotate the propel-
ler so the piston will not be at TDC.
This is necessary to prevent the valve
from striking the top of the piston in
some engines. Rotate the engine be-
fore rechecking compression to reseat
the valves in the normal manner.

8-15. SPARK PLUGS. The spark plug pro-
vides the high-voltage electrical spark to ignite
the fuel/air mixture in the cylinder. The types
of spark plugs used in different engines will
vary with regard to heat range, reach, thread
size, and other characteristics required by the
particular installation.

a. Heat Range. The heat range of a spark
plug is the principal factor governing aircraft
performance under various service conditions.
The term “heat range” refers to the
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material is conductive and will short out the
plug. If desired, the use of anti-seize com-
pound may be eliminated on engines equipped
with stainless steel spark plug bushings or
inserts.

(5) Screw the plug into the cylinder
head as far as possible by hand. If the plug
will not turn easily to within two or three
threads of the gasket, it may be necessary to
clean the threads.

NOTE: Cleaning inserts with a tap is
not recommended as permanent dam-
age to the insert may result.

(6) Seat the proper socket securely on
the spark plug and tighten to the torque limit
specified by the engine manufacturer before
proceeding to the next plug.

CAUTION: A loose spark plug will
not transfer heat properly, and during
engine operation, may overheat to the
point the nose ceramic will become a
“hot spot” and cause pre-ignition.
However, avoid over-tightening as
damage to the plug and bushing may
result.

(7) Connect the ignition lead after wip-
ing clean with a dry, lint-free cloth. Insert the
terminal assembly into the spark plug in a
straight line. (Care should be taken as im-
proper techniques can damage the terminal
sleeves.) Screw the connector nut into place
until finger tight, then tighten an additional
one quarter turn while holding the elbow in the

proper position.

(8) Perform an engine run-up after in-
stalling a new set of spark plugs. When the
engine has reached normal operating tem-
peratures, check the magnetos and spark plugs
in accordance with the manufacturer’s instruc-
tions.
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8-16.  OPERATIONAL PROBLEMS.

Whenever problems develop during engine
operation, which appear to be caused by the
ignition system, it is recommended that the
spark plugs and ignition harnesses be checked
first before working on the magnetos. The
following are the more common spark plug
malfunctions and are relatively easy to iden-

tify.
a. Fouling.

(1) Carbon fouling (see figure 8-6) is
identified by the dull black, sooty deposits on
the electrode end of the plug. Although the
primary causes are excessive ground idling and
rich idle mixtures, a cold heat range may also
be a contributing factor.

(2) Lead fouling is characterized by
hard, dark, cinder-like globules which gradu-
ally fill up the electrode cavity and short out
the plug. (See figure 8-6a.) The primary
cause for this condition is poor fuel vaporiza-
tion combined with a high tetraethyl-lead
content fuel. A cold heat range may also con-
tribute to this condition.

(3) Oil fouling is identified by a wet,
black carbon deposit over the entire firing end
of the plug as shown in figure 8-6b. This con-
dition is fairly common on the lower plugs in
horizontally-opposed engines, and both plugs
in the lower cylinders of radial engines. Oil
fouling is normally caused by oil drainage past
the piston rings after shutdown. However,
when both spark plugs removed from the same
cylinder are badly fouled with oil and carbon,
some form of engine damage should be sus-
pected, and the cylinder more closely in-
spected. Mild forms of oil fouling can usually
be cleared up by slowly increasing power,
while running the engine until the deposits are
burned off and the misfiring stops.
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FIGURE 8-6. Typical carbon-fouled spark plug.

b. Fused Electrodes. There are many dif-
ferent types of malfunctions which result in
fused spark plug electrodes; however, most are
associated with pre-ignition either as the cause
or the effect. For this reason, any time a spark
plug is found with the following defects, fur-
ther investigation of the cylinder and piston
should be conducted.

(1) Occasionally, the ceramic nose core
will crack, break away, and remain trapped
behind the ground electrode. This piece of in-
sulation material will then buildup heat to the
point it will ignite the fuel/air mixture prema-
turely. The high temperatures and pressures
encountered during this condition can cause
damage to the cylinder and piston and ulti-
mately lead to fusing and shorting out of the
plug. (See figure 8-6¢.)
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FIGURE 8-6a. Typical lead-fouled spark plug.

(2) Corrosive gases formed by combus-
tion and the high voltage spark have eroded
the electrodes. Spark plugs in this condition
require more voltage to fire—often more than

the ignition system can produce. (See fig-
ure 8-6d.)
c. Bridged Electrodes. Occasionally,

free combustion chamber particles will settle
on the electrodes of a spark plug and gradually
bridge the electrode gap, resulting in a shorted
plug. Small particles may be dislodged by
slowly cycling the engine as described for the
oil-fouled condition; however, the only rem-
edy for more advanced cases is removal and
replacement of the spark plug. This condition
is shown in figure 8-6e.
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FIGURE 8-6b. Typical oil-fouled spark plug.

d. Metal Deposits.  Whenever metal
spray is found on the electrodes of a spark
plug, it is an indication that a failure of some
part of the engine is in progress. The location
of the cylinder in which the spray is found is
important in diagnosing the problem, as vari-
ous types of failures will cause the metal spray
to appear differently. For example, if the
metal spray is located evenly in every cylinder,
the problem will be in the induction system,
such as an impeller failure. If the metal spray
is found only on the spark plugs in one cylin-
der, the problem is isolated to that cylinder and
will generally be a piston failure.

In view of the secondary damage which occurs
whenever an engine part fails, any preliminary
indication such as metal spray should be thor-
oughly investigated to establish and correct the
cause.
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FIGURE 8-6¢. Typical spark plug with cracked
core nose.

e. Flashover. It is important that spark
plug terminal contact springs and moisture
seals be checked regularly for condition and
cleanliness to prevent “flashover” in the con-
nector well. Foreign matter or moisture in the
terminal connector well can reduce the insula-
tion value of the connector to the point the ig-
nition system voltages at higher power settings
may flash over the connector well surface to
ground and cause the plug to misfire. If
moisture is the cause, hard starting can also re-
sult. The cutaway spark plug shown in fig-
ure 8-7 illustrates this malfunction. Any spark
plug found with a dirty connector well may
have this condition, and should be recondi-
tioned before reuse.
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FIGURE 8-6d. Typical wom out spark plug.

8-17. SPARK PLUG PRE-RECONDI-
TIONING INSPECTION. All spark plugs
should be inspected visually before recondi-
tioning to eliminate any plug with obvious de-
fects. A partial checklist of common defects
includes:

a. Chipped or cracked ceramic either at
the nose core or in the connector well.

b. Damaged or badly worn electrodes.

¢. Badly nicked, damaged, or corroded
threads on shell or shielding barrel.

d. Dented, bent, or cracked shielding
barrel.

e. Connector seat at the top of the
shielding barrel badly nicked or corroded.
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FIGURE 8-6e. Typical spark plug with bridged electrodes.
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FIGURE 8-7. Spark plug well flashover.

8-18. IGNITION HARNESSES INSPEC-
TION. Aircraft-quality ignition harness is
usually made of either medium or high-
temperature wire. The type used will depend
upon the manufacturing specification for the
particular engine. In addition to the applicable
manufacturer’s maintenance and repair proce-
dures, the following is a quick-reference
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checklist for isolating some of the malfunc-
tions inherent to ignition harnesses.

a. Carefully inspect the lead conduit or
shielding. A few broken strands will not affect
serviceability, but if the insulation in general
looks worn, replace the lead.

b. When replacing a lead, if the dressing
procedure is not accomplished properly,
strands of shielding may be forced through the
conductor insulation. If this occurs, a short
will exist in the conductor; therefore, it is es-
sential this task be performed properly.

¢. The high-temperature coating used
on some lightweight harnesses is provided for
vibration abrasion resistance and moisture
protection. Slight flaking or peeling of this
coating is not serious, and a harness assembly
need not be removed from service because of
this condition.

d. Check the spark plug contact springs
for breaks, corrosion, or deformation. If pos-
sible, check the lead continuity from the dis-
tributor block to the contact spring.

e. Check the insulators at the spark plug
end of the lead for cracks, breaks, or evidence
of old age. Make sure they are clean.

f. Check to see that the leads are posi-
tioned as far away from the exhaust manifold
as possible and are supported to prevent any
whipping action.

g. When lightweight harnesses are used
and the conduit enters the spark plug at a se-
vere angle, use clamps as shown in figure 8-8
to prevent overstressing the lead.

8-19. MAGNETO INSPECTION. When-
ever ignition problems develop and it is deter-
mined that the magneto is the cause of the dif-
ficulty, the following are a few simple inspec-
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tion procedures which may locate the mal-
function quickly. However, conduct any in-
ternal inspection or repair of a magneto in ac-
cordance with the manufacturer’s maintenance
and overhaul manuals.

a. Inspect the distributor block contact
springs. If broken or corroded, replace.

b. Inspect the felt oil washer, if applica-
ble. It should be saturated with oil. If it is dry,
check for a worn bushing.

c¢. Inspect the distributor block for
cracks or a burned area. The wax coating on
the block should not be removed. Do not use
any solvents for cleaning.

FIGURE 8-8. Typical method of clamping leads.

d. Look for excess oil in the breaker
compartment. If oil is present, it may indicate
a bad oil seal or bushing at the drive end. This
condition could require complete overhaul, as
too much oil may foul and cause excessive
burning of the contact points.

e. Look for frayed insulation on the
leads in the breaker compartment of the mag-
neto. See that all terminals are secure. Be sure
that wires are properly positioned.

f. Inspect the capacitor visually for gen-
eral condition, and check the mounting bracket
for cracks or looseness. If possible, check the
capacitor for leakage, capacity, and series re-
sistance.
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g. Examine the points for excessive wear
or burning. Discard points which have deep
pits or excessively burned areas. Desired
contact surfaces have a dull gray, sandblasted
(almost rough) or frosted appearance over the
area where electrical contact is made. Fig-
ure 8-9 shows how the normal contact point
will look when surfaces are separated for in-
spection. Minor irregularities or roughness of
point surfaces are not harmful (see fig-
ure 8-10), neither are small pits or mounds, if
not too pronounced. If there is a possibility of
the pit becoming deep enough to penetrate the
pad (see figure 8-11), reject the contact assem-
bly.

NORMAL POINT IS SMOOTH
AND FLAT. SURFACE HAS DULL
GRAY "SANDBLASTED"” =
APPEARANCE.

MINOR IRREGULARITIES - SMOOTH ROLLING
HILLS AND DALES WITHOUT ANY DEEP PITS
OR HIGH PEAKS. THIS IS A NORMAL
CONDITION OR POINT OF WEAR.

FIGURE 8-10. Point with minor irregularities.

h. Generally, no attempt should be
made to dress or stone contact point assem-
blies; however, if provided, procedures and
limits contained in the manufacturer’s manuals
may be followed.
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WEEL-DEFINED MOUND EXTENDING NOTICEABLY
ABOVE SURROUNDING SURFACE. THE MATING
POINT HAS A PIT OR HOLE CORRESPONDING

TO THE MOUND SEEN HERE.

FIGURE 8-11. Point with well-defined mound.

CAUTION: When inspecting the con-
tact points for condition, do not open
further than absolutely necessary.
Excess tension on the spring will
weaken it and adversely affect the per-
formance of the magneto.

i. Adjustment of magneto point gaps
must be correct for proper internal timing of a
magneto. See applicable manufacturer’s pub-
lications for internal timing procedures.

j» Check the breaker cam to assure
cleanness and smoothness. Check the cam
screw for tightness. If new points have been
installed, blot a little oil on the cam. In addi-
tion, check contact point assembly to ascertain
that the cam follower is securely fastened.

k. If the impulse coupling is accessible,
inspect for excessive wear on the contact edges
of the body and flyweights. In addition, check
the flyweights for looseness on the axles.

l. Further examination of the impulse
coupling body may disclose cracks caused by
exceedingly-tight flyweight axle rivets.

m. Check the magneto ventilators for
proper functioning and obstructions. If drilled
plugs are used, they should be in the lowest
vent hole of the magneto to serve as a drain for
condensation and oil.
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SECTION 4. REPAIR OF METAL PROPELLERS

8-71. GENERAL. Reject damaged blades
with model numbers which are on the manu-
facturer’s list of blades that cannot be repaired.
Follow the propeller manufacturer’s recom-
mendations in all cases, and make repairs in
accordance with latest techniques and best in-
dustry practices.

NOTE: Title 14 of the Code of Fed-
eral Regulations, 14 CFR, part 65 does
not allow an airframe and power plant
mechanic to perform major repairs to
propellers.

8-72. STEEL BLADES. Due to the critical
effects of surface injuries and their repair on
the fatigue life of steel blades, all repairs must
be made in accordance with the manufacturer’s
instructions.

8-73. ALUMINUM PROPELLER RE-
PAIRS. Aluminum-alloy propellers and
blades with dents, cuts, scars, scratches, nicks,
leading-edge pitting, etc., may be repaired,
provided the removal or treatment does not
materially affect the strength, weight, or per-
formance of the blade. Remove these damages
or otherwise treat as explained below, unless it
is contrary to the manufacturer’s instructions
or recommendations. More than one injury is
not sufficient cause alone for rejection of a
blade. A reasonable number of repairs per
blade may be made and not necessarily result
in a dangerous condition, unless their location
with respect to each other is such to form a
continuous line of repairs that would materi-
ally weaken the blade. Suitable sandpaper or
fine-cut files may be used for removing the
necessary amount of metal. In each case, the
area involved will be smoothly finished with
#00 sandpaper or crocus cloth, and each blade
from which any appreciable amount of metal
has been removed will be properly balanced
before it is used. Etch all repairs. To avoid
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removal of an excessive amount of metal, local
etching should be accomplished at intervals
during the process of removing suspected
scratches. Upon completion of the repair,
carefully inspect the entire blade by etching or
anodizing. Remove all effects of the etching
process with fine emery paper. Blades identi-
fied by the manufacturer as being cold-worked
(shot-blasted or cold-rolled) may require
peening after repair. Accomplish repair and
peening operations on this type of blade in ac-
cordance with the manufacturer’s instructions.
However, it is not permissible in any case to
peen down the edges of any injury wherein the
operation will lap metal over the injury.

a. Flaws in Edges. Round out nicks,
scars, cuts, etc., occurring on the leading edge
of aluminum-alloy blades as shown in fig-
ure 8-24 (view B). Blades that have the lead-
ing edges pitted from normal wear in service
may be reworked by removing sufficient mate-
rial to eliminate the pitting. In this case, re-
move the metal by starting a sufficient distance
from the edge, as shown in figure 8-25, and
working forward over the edge in such a way
that the contour will remain substantially the
same, avoiding abrupt changes in contour.
Trailing edges of blades may be treated in sub-
stantially the same manner. On the thrust and
camber face of blades, remove the metal
around any dents, cuts, scars, scratches, nicks,
and pits to form shallow saucer-shaped depres-
sions as shown in figure 8-24 (view C). Exer-
cise care to remove the deepest point of the
injjury and also remove any raised metal
around the edges of the injury as shown in fig-
ure 8-24 (view A). When repairing blades,
figures 8-26 and 8-27 show the maximum re-
duction in width and thickness that is allow-
able below the minimum dimensions required
by the blade drawing and blade manufacturing
specification. Beyond the 90
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BEFORE REPAIR  AFTER REPAIR
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FIGURE 8-24. Method of repairing surface scratches, nicks, etc., on aluminum-alloy propellers.
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FIGURE 8-25. Correct and incorrect method of reworking leading edge of aluminum-alloy propellers.
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CHAPTER 9. AIRCRAFT SYSTEMS AND COMPONENTS

SECTION 1. INSPECTION AND MAINTENANCE OF LANDING GEAR

9-1. GENERAL.

a. The landing gear on aircraft may be
fixed or retractable. A fixed gear may be
wheels, floats, or skis; and for amphibians a
combination of floats and wheels.

b. Retractable gear on aircraft is usually
operated with hydraulic or electric power, al-
though some models of light general aviation
aircraft have manual retract systems operated
by a lever in the cockpit.

(1) In addition to the normal operating
system, emergency systems are usually pro-
vided to ensure that the landing gear can be
lowered in case of main-system failure.

(2) Emergency systems consist of
backup hydraulic systems, or stored nitrogen
gas bottles that can be directed into actuating
cylinders, mechanical systems that can be op-
erated manually, or free-fall gravity systems.

9-2. GENERAL INSPECTION. A thor-
ough inspection of the landing gear involves
the entire structure of the gear, including at-
tachments, struts, wheels, brakes, actuating
mechanisms for retractable gears, gear hy-
draulic system and valves, gear doors, and all
associated parts. The manufacturer’s inspec-
tion procedures should be followed where ap-
plicable.

9-3. CLEANING AND LUBRICATING.

It is recommended that only easily removable
neutral solutions be used when cleaning land-
ing gear components. Any advantage, such as
speed or effectiveness, gained by using clean-
ers containing corrosive materials, can be
quickly counteracted if these materials become
trapped in close-fitting surfaces and crevices.
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Wear points, such as landing gear up-and-
down latches, jack-screws, door hinges, pul-
leys, cables, bellcranks, and all pressure-type
grease fittings, should be lubricated after every
cleaning operation.

To prevent possible failure of a component due
to incompatibility or breakdown of the grease,
the following should be observed:

1. Use only greases approved for use by
the product manufacturer.

2. Never mix different kinds of grease
without approval from the product
manufacturer.

3. Follow the manufacturer’s instructions
or FAA approved process for cleaning,
purging, and lubricating of the compo-
nent.

To obtain proper lubrication of the main sup-
port bushings, it may be necessary to jack the
aircraft.

NOTE: Any time the aircraft is on
jacks, check the landing gear main
support bushings for wear. Consult
the aircraft manufacturer’s overhaul
manual for specific wear tolerances.

During winter operation, excess grease may
congeal and cause increased loads on the gear
retraction system, electric motors, and hydrau-
lic pumps. This condition can lead to compo-
nent malfunctions; therefore, it is recom-
mended that cleanliness be stressed during and
after lubrication.

9-4. FIXED-GEAR INSPECTION. Fixed
landing gear should be examined regularly for
wear, deterioration, corrosion, alignment, and
other factors that may cause failure or unsatis-
factory operation. During a 100-hour or an-
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nual inspection of the fixed gear, the aircraft
should be jacked up to relieve the aircraft
weight. The gear struts and wheels should be
checked for abnormal play and corrected.

a. Old aircraft landing gear that em-
ploys a rubber shock (bungee) cord for shock
absorption must be inspected for age, fraying
of the braided sheath, narrowing (necking) of
the cord, and wear at points of contact with the
structure and stretch. If the age of the shock
cord is near 5 years or more, it is advisable to
replace it with a new cord. A cord that shows
other defects should be replaced, regardless of
age.

b. The cord is color-coded to indicate
when it was manufactured and to determine
the life of the shock cord. According to
MIL-C-5651A, the color code for the year of
manufacture is repeated in cycles of 5 years.
Table 9-1 shows the color of the code thread
for each year and quarter year.

TABLE 9-1. Bungee cord color codes.

YEARS ENDING COLOR QUARTER COLOR
WITH
Qors Black Ist Red
loré Green 2nd Blue
2or7 Red 3rd Green
Jor8 Blue 4th Yellow
40r9 Yellow Ist Red

¢. The color coding is composed of
threads interwoven in the cotton sheath that
holds the strands of rubber cord together. Two
spiral threads are used for the year coding and
one thread is used for the quarter of the year
sheath, e.g. yellow and blue would indicate
that the cord was manufactured in 1994 during
April, May, or June.

d. Shock struts of the spring-oleo type
should be examined for leakage, smoothness
of operation, looseness between the moving
parts, and play at the attaching points. The
extension of the struts should be checked to
make sure that the springs are not worn or bro-
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ken. The piston section of the strut should be
free of nicks, cuts, and rust.

e. Air-oil struts should undergo an in-
spection similar to that recommended for
spring-oleo struts. In addition, the extension
of the strut should be checked to see that it
conforms to the distance specified by the
manufacturer. If an air-oil strut “bottoms”=
that is, it is collapsed=the gas charge and
hydraulic fluid has been lost from the air
chamber. This is probably due to a loose or
defective air valve or to defective O-ring seals.

CAUTION: Before an air-oil strut is
removed or disassembled, the air
valve should be opened to make sure
that all air pressure is removed. Se-
vere injury and/or damage can occur
as the result of disassembling a strut
when even a small amount of air pres-
sure is still in the air chamber.

f. The method for checking the fluid
level of an air-oil strut is given in the manu-
facturer’s maintenance manual. An alternate
means of servicing an oil strut is to jack up the
aircraft, remove the strut’s valve cap, release
the air charge in the strut by depressing the
valve core, remove the strut’s valve core, at-
tach a clean two-foot rubber or plastic hose to
the threaded portion that houses the valve core,
and secure with a hose clamp. Put the other
end of the hose into a clean two quart con-
tainer filled with the correct hydraulic fluid for
the strut. Cover the container with a clean rag
to prevent spillage. Now, slowly raise the
gear/strut assembly either manually or with
another jack under the strut. This will drive
the remaining air out of the strut into the con-
tainer of hydraulic fluid. Once the gear is fully
retracted, slowly lower the gear. The hydrau-
lic fluid in the can will be sucked into the strut.
Repeat this procedure until you cannot hear
any more air bubbles in the container when the
wheel strut is fully retracted. With the strut

Par 9-4






9/27/01

fully retracted, remove the hose, insert the
valve core, lower the gear, and service the strut
‘with nitrogen to get the proper strut extension.

g. The entire structure of the landing
gear should be closely examined for cracks,
nicks, cuts, corrosion damage, or any other
condition that can cause stress concentrations
and eventual failure. The exposed lower end
of the air-oleo piston is especially susceptible
to damage and corrosion, which can lead to
seal damage, because the strut is compressed
and the piston moves past the strut lower seal,
causing the seal to leak fluid and air. Small
nicks or cuts can be filed and burnished to a
smooth contour, eliminating the point of stress
concentration. If a crack is found in a landing-
gear member, the part must be replaced.

h. All bolts and fittings should be
checked for security and condition. Bolts in
the torque links and shimmy damper tend to
wear and become loose due to the operational
loads placed on them. The nose-wheel
shimmy damper should be checked for proper
operation and any evidence of leaking. All re-
quired servicing should be performed in accor-
dance with the aircraft service manual.

9-5. INSPECTION OF RETRACTABLE
LANDING GEAR. Inspection of the retract-
able landing gear should include all applicable
items mentioned in the inspection for the fixed
gear. In addition, the actuating mechanisms
must be inspected for wear looseness in any
joint, trunnion, or bearing; leakage of fluid
from any hydraulic line or unit; and, smooth-
ness of operation. The operational check is
performed by jacking the aircraft according to
the manufacturer’s instructions and then oper-
ating the gear retracting and extending system.

a. During the operational test, the
smoothness of operation, effectiveness of up-
and-down locks, operation of the warning
homn, operation of indicating systems, clear-
ance of tires in wheel wells, and operation of
Par 94
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landing-gear doors should be checked. Im-
proper adjustment of sequence valves may
cause doors to rub against gear structures or
wheels. The manufacturer’s checklist should
be followed to ensure that critical items are
checked. While the aircraft is still on jacks,
the gear can be tested for looseness of mount-
ing points, play in torque links, condition of
the inner strut cylinder, play in wheel bearings,
and play in actuating linkages. Emergency
blow down gear bottles should be inspected for
damage and corrosion and weighed to see if
the bottle is still retaining the charge.

b. Mechanics should be aware that re-
tread tires can be dimensionally bigger than a
“new” tire. While this does not pose a prob-
lem on fixed landing gear aircraft, it may pres-
ent a serious problem when installed on re-
tractable landing gear aircraft. It is strongly
recommended that if a retread tire is installed
on a retractable landing gear aircraft, a retrac-
tion test be performed. With the gear in the
up-and-lock position, the mechanic should
determine that if the tire expands due to high
ambient temperature, heat generated from taxi
and take-off, repeated landings, or heavy
braking, the tire will not expand to the point
that it becomes wedged in the wheel well.

c. The proper operation of the anti-
retraction system should be checked in accor-
dance with the manufacturer’s instructions.
Where safety switches are actuated by the
torque links, the actual time of switch closing
or opening can be checked by removing all air
from the strut and then collapsing the strut. In
every case, the adjustment should be such that
the gear control cannot be placed in the UP po-
sition or that the system cannot operate until
the shock strut is at the full extended position.

9-6. EMERGENCY SYSTEMS. Exercise
emergency landing gear systems periodically
to ensure proper operation and to prevent in-
activity, dirt, and corrosion from rendering the
system inoperative when needed. Most emer-
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gency systems employ either mechanical,
pressure-bottle, or free-fall extension capabili-
ties. Check for the proper safeties on trigger-
ing mechanisms, and for the presence of re-
quired placards, and necessary accessories
such as cranks, levers, handles, etc. Emer-
gency blow-down bottles should be checked
for corrosion damage, and then weighed to see
if the bottle is still retaining the charge.

9-7. LANDING GEAR COMPONENTS.
The following items are susceptible to service
difficulties and should be inspected.

a. Shock Absorbers. Inspect the entire
shock-strut for evidence of leaks, cracks, and
possible bottoming of the piston, as this con-
dition causes overloading of landing-gear
components and contributes to fatigue cracks.
Check all bolts, bolt holes, pins, and bushings
for condition, lubrication, and proper torque
values. Grease fitting holes (pressure-type) are
especially vulnerable to cracks and cross-
threading damage. Check all safety wire and
other locking devices, especially at the main
packing gland nuts.

(1) When assembling shock-struts, use
the correct type and number of new “O”-rings,
Chevron seals, and backup rings. Use only the
correct filler valve core assembly, and follow
the manufacturer’s instructions when servicing
with fluid and air. Either too much or too little
air or oil will affect aircraft handling charac-
teristics during taxi, takeoff, and landing, and
can cause structural overloads.

(2) Shock cords and rubber discs dete-
riorate with age and exposure. When this type
of shock absorber is used, inspect for general
condition; i.e., cleanliness, stretching, fraying,
and broken strands. These components should
be kept free of petroleum products as they ac-
celerate deterioration of the rubber.

b. Nose Gear Assembly. Inspection of
the steering mechanism should include torque-
Page 9-4
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links (scissors), torque-tubes, control rods and
rod-end bearings, shimmy dampers, cables,
and turning stops. In addition, check all nose
landing gear components, including mud
scrapers and slush deflectors, for damage.

(1) Towing of some aircraft with the
rudder locks installed, may cause damage to
the steering linkage and rudder control system.
Exceeding the steering or towing stop limits
should be followed by a close inspection of the
entire nose steering assembly. A broken
steering stop will allow turning beyond the de-
sign limit, transmitting excessive loads to
structures, and to the rudder control system. It
is recommended that the nose steering arc lim-
its be painted on the steering collar or fuselage.

(2) Inspect shimmy dampers for leak-
age around the piston shaft and at fluid line
connections, and for abnormal wear or loose-
ness around the pivot points. Also check for
proper rigging, “bottoming” of the piston in
the cylinder, and the condition of the external
stops on the steering collar.

¢. Tail Wheels. Disassembly, cleaning,
and re-rigging of tail wheels are periodically
necessary. Inspect them for loose or broken
bolts, broken springs, lack of lubrication, and
general condition. Check steerable tail wheels
for proper steering action, steering-horn wear,
clearances, and for security and condition of
steering springs and cables.

d. Gear Doors. Inspect gear doors fre-
quently for cracks, deformation, proper rig-
ging, and general condition. Gear door hinges
are especially susceptible to progressive
cracking, which can ultimately result in com-
plete failure, allowing the door to move and
cause possible jamming of the gear. This con-
dition could also result in the loss of the door
during flight. In addition, check for proper
safetying of the hinge pins and for distorted,
sheared, loose, or cracked hinge rivets. Inspect
the wheel wells for improper location or rout-
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ing of components and related tubing or wir-
ing. This could interfere with the travel of the
gear door actuating mechanisms.

e. Wheels. Inspect the wheels periodi-
cally for cracks, corrosion, dents, distortion,
and faulty bearings in accordance with the
manufacturer’s service information. In split-
type wheels, recondition bolt holes which have
become elongated due to some play in the
through-bolt, by the use of inserts or other
FAA-approved means. Pay particular atten-
tion to the condition of the through-bolts and
nuts. Carefully inspect the wheels used with
tubeless tires for damage to the wheel flange
and for proper sealing of the valve. The seal-
ing ring used between the wheel halves should
be free of damage and deformation. When
bolting wheel halves together, tighten the nuts
to the proper torque value. Periodically ac-
complish an inspection to ensure the nuts are
tight and that there is no movement between
the two halves of the wheel. Maintain grease
retaining felts in the wheel assembly in a soft,
absorbent condition. If any have become
hardened, wash them with a petroleum-base
cleaning agent; if this fails to soften them, they
should be replaced.

(1) Corrosion of wheels. Remove all
corrosion from the wheel half, and inspect it to
ensure that the wheel halves are serviceable.
Apply corrosion prevention treatments as ap-
plicable. Prime with a zinc chromate primer or
equivalent, and apply at least two finish coats.

(2) Dented or distorted wheels. Re-
place wheels which wobble excessively due to
deformation resulting from a severe side-load
impact. In questionable cases, consult the lo-
cal representative of the FAA concerning the
airworthiness of the wheels. Minor dents do
not affect the serviceability of a wheel.

(3) Wheel bearings. When inspecting
wheel bearings for condition, replace damaged
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or excessively worn parts. Maintain bearings
and races as matched sets. Pack bearings only
with the grease type called for in the manu-
facturer’s maintenance manual prior to their
installation.  Avoid pre-loading the wheel
bearing when installing it on the aircraft by
tightening the axle nut just enough to prevent
wheel drag or side play.

f. Brakes. Disassemble and inspect the
brakes periodically and examine the parts for
wear, cracks, warpage, corrosion, elongated
holes, etc. Discolored brake disks are an indi-
cation of overheated brakes and should be re-
placed. If any of these or other faults are indi-
cated, repair, recondition, or replace the af-
fected parts in accordance with the manufac-
turer’s recommendations.

g. Hydraulic Brakes. For proper mainte-
nance, periodically inspect the entire hydraulic
system from the reservoir to the brakes.
Maintain the fluid at the recommended level
with proper brake fluid. When air is present in
the brake system, bleed in accordance with the
manufacturer’s instructions. Replace flexible
hydraulic hoses which have deteriorated due to
long periods of service and replace hydraulic
piston seals when there is evidence of leakage.

h. Micro-Switches. Inspect micro-
switches for security of attachment, cleanli-
ness, general condition, and proper operation.
Check the associated wiring for chafing,
proper routing, and to determine that protec-
tive covers are installed on wiring terminals, if
required. Check the condition of the rubber
dust boots which protect the micro-switch
plungers from dirt and corrosion.

9-8. FLOATS AND SKIS. Aircraft oper-
ated from water may be provided with either a
single float or a double float, depending upon
the design and construction; however, if an
aircraft is an amphibian, it has a hull for flota-
tion and then may need only wingtip floats.
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Amphibious aircraft have floats or a hull for
operating on water and retractable wheels for
land operation.

a. Skis are used for operating on snow
and ice. The skis may be made of wood,
metal, or composite materials. There are three
basic styles of skis. A conventional ski, shown
in figure 9-1, replaces the wheel on the axle.
The shock cord is used to hold the toe of the
ski up when landing. The safety cable and
check cable prevent the ski from pivoting
through too great an angle during flight.

b. The wheel ski is designed to mount on
the aircraft along with the tire. The ski has a
portion cut out that allows the tire to extend
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slightly below the ski, so that the aircraft can
be operated from conventional runways with
the wheels or from snow or ice surfaces using
the ski. This arrangement has a small wheel
mounted on the heel of the ski, so that it does
not drag on conventional runways.

¢. In retractable wheel-ski arrangements,
the ski is mounted on a common axle with the
wheel. In this arrangement, the ski can be ex-
tended below the level of the wheel for landing
on snow or ice. The ski can be retracted above
the bottom of the wheel for operations from
conventional runways. A hydraulic system is
commonly used for the retraction-system op-
eration.

e

1. Fitting

2. Shock Cord

3. Safety Cable

4. Tape

§. Crust-cutter Cable

Fabric Removed to Faciiitate inspection
Check Cable

Clevis

Pedestal

. Pedestal Height

semNe

FIGURE 9-1. A typical ski installation.
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| 9-9. INSPECTION AND REPAIR OF
FLOATS AND SKIS. Inspection of floats
and skis involves examination for damage due
to corrosion, collision with other objects, hard
landings, and other conditions that may lead to
failure. Tubular structures for such gear may
be repaired as described in the section cover-
ing welded repairs of tubular structures.

a. Floats. To maintain the float in an air-
worthy condition, periodic and frequent in-
spections should be made because of the ra-
pidity of corrosion on metal parts, particularly
when the aircraft is operated in salt water. Ex-
amine metal floats and all metal parts on
wooden or fiberglass floats for corrosion, and
take corrective action in accordance with the
procedures described in Chapter 6, Corrosion,
Inspection & Protection. Chapter 4, Metal
Structure, Welding, and Brazing, outlines
methods for repairing damage to metal floats
of aluminum and aluminum alloy structures.

Note: Blind rivets should not be used on
floats or amphibian hulls below the water
line.

In the case of wooden floats, make repairs in
accordance with general procedures outlined in
Chapter 1, Wood Structure. Repair fiberglass
floats in accordance with the manufacturer’s
instructions.

(1) If small blisters are noticed on the
paint, either inside or outside the float, the
paint should be removed and the area exam-
ined. If corrosion is found, the area should be
cleaned thoroughly, and a coat of corrosion-
inhibiting material applied. If the corrosion
penetrates the metal to an appreciable depth,
replace the metal. Special attention should be
given to brace wire fittings and water rudder-
control systems.

(2) If the hull or floats have retractable
landing gear, a retraction check should be per-
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formed along with the other recommendations
mentioned for retractable landing-gear sys-
tems. Sheet-metal floats should be repaired
using approved practices; however, the seams
between sections of sheet metal should be wa-
terproofed with suitable fabric and sealing
compound. A float that has undergone hull re-
pairs should be tested by filling it with water
and allowing it to stand for at least 24 hours to
see if any leaks develop.

b. Skis and Ski Installation. Skis should
be inspected for general condition of the skis,
cables, bungees, and fuselage attachments. If
retractable skis are used, checks in accordance
with the general practices for retractable gear
should be followed. Ski manufacturers usually
furnish acceptable repair procedures. It is ad-
visable to examine ski installations frequently
to keep them maintained in airworthy condi-
tion. If shock cord is used to keep the ski run-
ner in proper trim, periodically examine to en-
sure that the cord has enough elasticity to keep
the runner in its required attitude and the cord
is not becoming loose or badly frayed. Re-
place old or weak shock cords. When other
means of restraint are provided, examine for
excessive wear and binding, and replace or re-
pair as required. Examine the points of cable
attachment, both on the ski and the aircraft
structure, for bent lugs due to excessive loads
that have been imposed while taxiing over
rugged terrain or by trying to break loose fro-
zen skis. If skis that permit attachment to the
wheels and tires are used, maintain proper tire
pressure as under-inflated tires may push off
the wheels if appreciable side loads are devel-
oped in landing or taxiing.

¢. Repair of Ski Runners. Repair limits
are found in the applicable manufacturer’s
manual. Fractured wooden ski runners usually
require replacement. If a split at the rear end
of the runner does not exceed 10 percent of the
ski length, it may be repaired by attaching one
or more wooden crosspieces across the top of
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the runner using glue and bolts. Bent or tom
metal runners may be straightened if minor
bending has taken place and minor tears may
be repaired in accordance with procedures rec-
ommended in Chapter 4, Metal Structure,
Welding, and Brazing.

d. Ski Pedestals.

(1) Tubular Pedestals. Damaged ped-
estals made of steel tubing may be repaired by
using tube splices as shown in the chapter on
welding.

(2) Cast Pedestals. Consult a Federal
Aviation Administration (FAA) representative
on the repair of cast pedestals.

9-10. TYPES OF LANDING GEAR
PROBLEMS. During inspection and before
removing any accumulated dirt, closely ob-
serve the area being inspected while the wing-
tips are gently rocked up and down. Excessive
motion between normally close-fitting landing
gear components may indicate wear, cracks, or
improper adjustment. If a crack exists, it will
generally be indicated by dirt or metallic parti-
cles which tend to outline the fault. Seepage
of rust inhibiting oils, used to coat internal sur-
faces of steel tubes, also assists in the early
detection of cracks. In addition, a sooty, oily
residue around bolts, rivets, and pins is a good
indication of looseness or wear.
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a. Thoroughly clean and re-inspect the
landing gear to determine the extent of any
damage or wear. Some components may re-
quire removal and complete disassembly for
detailed inspection. Others may require a spe-
cific check using an inspection process such as
dye penetrant, magnetic particle, radiographic,
ultrasonic, or eddy current. The frequency,
degree of thoroughness, and selection of in-
spection methods are dependent upon the age,
use, and general condition of the landing gear.

b. Inspect the aircraft or landing gear
structure surrounding any visible damage to
ensure that no secondary damage remains un-
detected. Forces can be transmitted along the
affected member to remote areas where subse-
quent normal loads can cause failure at a later
date.

¢. Prime locations for cracks on any
landing gear are bolts, bolt holes, pins, rivets,
and welds. The following are typical locations
where cracks may develop.

d. Most susceptible areas for bolts are at
the radius between the head and the shank, and
in the location where the threads join the
shank, as shown in figure 9-2.

e. Cracks primarily occur at the edge of
bolt holes on the surface and down inside the
bore. (See figures 9-3 and 9-4.)

FIGURE 9-2. Typical bolt cracks.
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FIGURE 9-3. Typical cracks near bolt holes.
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FIGURE 9-4. Typical bolt hole cracks.

f. The usual types of failure in riveted
joints or seams are deformation of the rivet
heads and skin cracks originating at the rivets’
holes.

g. Cracks and subsequent failures of rod
ends usually begin at the thread end near the
bearing and adjacent to or under the jam nut.
(See figure 9-5.)

I
[ )

FIGURE 9-5. Typical rod-end cracks.

h. Cracks develop primarily along the
edge of the weld adjacent to the base metal and
along the centerline of the bead.

i. Elongated holes are especially preva-
lent in taper-pin holes and bolt holes or at the
riveted joints of torque tubes and push-pull
rods. (See figure 9-6.)

I;H\ . e | l"ﬂ"l

i 0 o!! 0
FIGURE 9-6. Typical torque tube bolt hole elongation.

-~ -
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j- Deformation is common in rods and
tubes and usually is noticeable as stretched,
bulged, or bent sections. Because deforma-
tions of this type are difficult to see, feel along
the tube for evidence of this discrepancy. De-
formation of sheet-metal web sections, at
landing-gear component attachment points,
usually can be seen when the area is high-
lighted with oblique lighting.

9-11. SPECIAL INSPECTIONS. When an
aircraft experiences a hard or overweight
landing, the mechanic should perform a special
structural inspection of the aircraft, including
the landing gear. Landing gear support trusses
should be inspected for cracked welds, sheared
bolts and nivets, and buckled structures.
Wheels and tires should be inspected for
cracks and cuts, and upper and lower wing sur-
faces should be inspected for wrinkles, defor-
mation, and loose or sheared rivets. If any
damage is found, a detailed inspection is rec-
ommended.

9-12. RETRACTION TESTS. Periodically
perform a complete operational check of the
landing gear retraction system. Inspect the
normal extension and retraction system, the
emergency extension system, and the indicat-
ing and emergency warning system. Deter-
mine that the actuating cylinders, linkage, slide
tubes, sprockets, chain or drive gears, gear
doors, and the up-and-down locks are in good
condition and properly adjusted and lubricated,
and the wheels have adequate clearance in the
wheel wells. In addition, an electrical conti-
nuity check of micro-switches and associated
wiring is recommended. Only qualified per-
sonnel should attempt adjustments to the gear
position and warning system micro-switches.
Follow the manufacturer’s recommendations.

9-13. TIRE AND TUBE MAINTE-
NANCE. A program of tire maintenance can

minimize tire failures and increase tire service
life.
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a. Correct balance is important since a
heavy spot on an aircraft tire, tube, or wheel
assembly is likely to cause that heavy spot to
hit the ground first when landing. This results
in excessive wear at one spot and an early fail-
ure at_that part of the tire. A severe case of
imbalance causes excessive vibration during
take-off and landing, especially at high speed.

b. A protective cover should be placed
over a tire while servicing units that might drip
fluid on the tire.

9-14. TIRE INSPECTION AND REPAIR.
Tires should be inspected frequently for cuts,
worn spots, bulges on the side walls, foreign
bodies in the treads, and tread condition. De-
fective or worn tires may be repaired or re-
treaded. The term, retread, refers to several
means of restoring a used tire, whether by ap-
plying a new tread alone or tread and side wall
material in varying amounts. The following
guidelines should be used for tire inspection:

a. Tread Wear. Inspect the tires visually
for remaining tread. Tires should be removed
when tread has worn to the base of any groove
at any spot, or to a minimum depth as speci-
fied by the tire or aircraft manufacturer. Tires
wom to fabric in the tread area should be re-
moved regardless of the amount of tread re-
maining.

b. Uneven Wear. If tread wear is exces-
sive on one side, the tire can be dismounted
and turned around, providing there is no ex-
posed fabric. Gear misalignment causing this
condition should be corrected.

WARNING: Do not probe cuts or
embedded foreign objects while tire is
inflated.

c¢. Tread Cuts. Inspect tread for cuts and

other foreign object damage, and mark with
crayon or chalk. Remove tires that have the
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following:
(1) Any cuts into the carcass ply.

(2) Cuts extending more than half of the
width of a rib and deeper than 50 percent of
the remaining groove depth.

(3) Weather checking, cracking, cuts,
and snags extending down to the carcass ply in
the sidewall and bead areas.

(4) Bulges in any part of tire tread,
sidewall, or bead areas that indicate a separa-
tion or damaged tire.

(5) Cracking in a groove that exposes
fabric or if cracking undercuts tread ribs.

d. Flat Spots. Generally speaking, tires
need not be removed because of flat spots due
to skid or hydroplane bums unless fabric is
exposed. If objectionable unbalance results,
remove the tire from service.

e. Beads. Inspect bead areas next to
wheel flanges for damage due to excessive
heat, especially if brake drag or severe braking
has been reported during taxi, takeoff or land-
ing.

f. Tire Clearance. Look for marks on
tires, the gear, and in the wheel wells that
might indicate rubbing due to inadequate
clearance.

g. Surface Condition. The surface con-
dition of a tire can be inspected with the tire on
the aircraft. The tread should be checked for
abnormal wear. If the tread is worn in the
center of the tire but not on the edges, this in-
dicates that the tire is over-inflated and the op-
erational air pressure should be reduced. On
the other hand, a tire worn on the edges, but
not in the center, indicates under-inflation.
These indications are shown in figure 9-7.
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9-15. INFLATION OF TIRES. There is
serious danger involved with inflating and tire
assembly. The tire should not be inflated be-
yond the recommended pressure (when it is
not being installed in a safety cage). Over-
inflation can cause damage to the aircraft, as
well as personal injury. Under-inflation will
cause excessive tire wear and imbalance. The
airframe manufacturer’s load and pressure
chart should be consulted before inflating tires.
Sufficiently inflate the tires to seat the tire
beads; then deflate them to allow the tube to
assume its position. Inflate to the recom-
mended pressure with the tire in a horizontal
position.

Tire check of storage aircraft should be done in
accordance with the applicable aircraft storage
manual.

9-16.  PERSONAL SAFETY. When serv-
icing aircraft tires, personnel should stand ei-
ther in the front or rear of the wheel and avoid
approaching from either side of the tire. See
illustration below:

TIRE DANGER
Safe
Approach Area

Danger Danger
Do not stand or Do not stand or
approach here approach here

Safe
Approach Area

Personnel should wear protective eye gear to
reduce the risk of eye injury due to inflation
and deflation of tires.
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UNDER-INFLATION

FIGURE 9-7. Examples of tread wear indicating over-
inflation and under-inflation.

NOTE: The use of nitrogen to inflate
tires is recommended. Do not use
oxygen to inflate tires. Deflate tires
prior to removing them from the air-
craft or when built-up tire assemblies
are being shipped.

9-17. DISASSEMBLE THE WHEEL in
accordance with aircraft manufacturer’s in-
structions.

Do not attempt to disassemble wheel until the
tire has been completely deflated: otherwise
serious injury or damage to equipment can re-
sult.

Do not attempt to remove valve core until tire
has been completely deflated. Valve cores will
eject at high velocity if unscrewed before air
pressure has been released.

Never attempt to remove wheel bolts or break
tire beads loose until tire has been completely
deflated: otherwise, explosive separation of
wheel components will resuit.
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Do not pry between wheel flanges and tire
beads as this can damage the wheel and tire.

Use caution when removing wheel bolts or
nuts.

Remove tire from wheel using a wheel de-
mounting fixture.

Valve stem, fusible plugs, wheel keys, heat
shields, balance weights, and associated hard-
ware should not be removed if demountable
flange only is to be removed for tire change.

Fusible plugs and bearing cups should not be
removed unless replacement is necessary, if
paint is to be stripped, or if a thorough inspec-
tion of the wheel is to be made.

When removal and replacement of fusible
plugs is required, remove by pressing out with
a blunt instrument such as a wooden rod. Ex-
ercise caution to ensure wheel sealing surfaces
are not damaged.

9-18. REASSEMBLING THE WHEEL.
The correct assembly of the wheel affects the
balance of the tire. After the wheel halves and
bolts/nuts have been inspected and found
serviceable, put a little talc on the tube and in-
sert it in the tire. Align the heavy spot of the
tube (usually marked with a yellow line) with
the light spot of the tire (usually marked with a
red dot). If the tube does not have a balance
mark, align the valve of the tube with the bal-
ance mark on the line. Remove the valve core
and inflate the tube momentarily to “seat” the
tube and let the air run out. Put one wheel half
in the tire and align the wheel half with the
valve hole up with the valve on the tube. In-
sert the other wheel half in the tire and align
the bolt holes. Insert the wheel bolts and
torque to the manufacturer’s recommended
value.
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NOTE: Itis highly recommended that
the tire be placed in a cage so that if
the wheel fails, the mechanic is pro-
tected from injury.

Again inflate the tube with 5 or 10 psi and let
the air out to re-seat the tube. Install the valve
core, and fill the tire to the recommended pres-
sure.

9-19. SLIPPAGE. To reduce the possibility
of tire and tube failure due to slippage, and to
provide a means of detecting tire slippage,
tires should be marked and indexed with the
wheel rim. Paint a mark one inch wide and
two inches long across the tire side wall and
wheel rim. Use a permanent type paint in a
contrasting color, such as white, red, or or-
ange. Pre-flight inspection must include a
check of slippage marks for alignment. If the
slippage marks are not in alignment, a detailed
inspection must be made, the reason deter-
mined, and if necessary, the condition cor-
rected before the next flight.

NOTE: Mechanics should be aware
that retread tires can be diametrically
bigger than a “new” tire. While this
does not pose a problem on fixed
landing gear aircraft, it may pose a
problem on retractable gear aircraft.
Due to a 5 to 8 percent expansion of
the tire caused by the ambient tem-
perature, if a retread tire is installed
on a retractable gear aircraft, it is
strongly recommended that a retrac-
tion test be performed. This is to en-
sure the tire will not become wedged
in the wheel well during take-off and
landing operation.

9-20. WHEEL INSPECTION. Check
wheels for damage. Wheels that are cracked or
damaged must be taken out of service for re-
pair or replacement in accordance with the
manufacturer’s instruction manual.

Par 9-18






9/27/01

9-21. WHEEL INSTALLATION. Various
procedures are used for installing wheel as-
semblies on an aircraft.

a. The axle should first be cleaned and in-
spected for surface damage, damage to the axie
threads, and the general condition and security
of bolts holding the axle onto the landing-gear
leg. The wheel bearings should be cleaned and
packed with approved grease. The wheel
bearing and tire must be inspected and assem-
bled. Many aircraft have specific torque re-
quirements for the wheel-retaining nuts. These
torque requirements may have two values
specified. The retaining nut is first tightened
to the higher value to seat the bearing. It is
then backed off and tightened to the lower
value specified. While tightening the wheel
retaining nuts, the wheel should be rotated.

b. Great care should be exercised to sece
that the wheel-retaining nuts are not over-
tightened. In the absence of specific instruc-
tions, the wheel-retaining nut is tightened until
bearing drag is felt. The nut is then backed off
about one serration (castellation) or one-sixth
turn before bending up the tab on the tab-lock
washer or installing the cotter pin.

c¢. The grease cover or wheel cover, if
used, is then installed. During this installation
any required brake, air-pressure sensors, and
speed-sensor components should be installed
and connected, as appropriate, for the specific
aircraft.

9.22.—9.24. [RESERVED).
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SECTION 2. HYDRAULIC SYSTEMS

9-25. GENERAL. Hydraulic systems in
aircraft provide a means for the operation of
aircraft components. The operation of landing
gear, flaps, flight control surfaces and brakes is
largely accomplished with hydraulic power
systems. Hydraulic system complexity varies
from small aircraft that require fluid only for
manual operation of the wheel brakes to large
transport aircraft where the systems are large
and complex. To achieve the necessary redun-
dancy and reliability, the system may consist
of several subsystems. Each subsystem has a
power generating device (pump) reservoir, ac-
cumulator, heat exchanger, filtering system,
etc. System operating pressure may vary from
a couple hundred psi in small aircraft and ro-
torcraft to several thousand psi in large trans-
ports. Generally, the larger the aircraft, the
more mechanical work is required to control
the aircraft’s various functions. Consequently,
the system operating pressure increases ac-
cordingly. Primarily, hydraulic power is gen-
erated by either engine driven or electric motor
driven pumps. The majority of hydraulic
pumps are pressure compensated to provide a
constant output pressure at a flow-rate de-
manded by the system. Some constant dis-
placement pumps with a relief valve are used
on the smaller aircraft.

9-26. PURPOSES OF HYDRAULIC
SYSTEMS. Hydraulic systems make possible
the transmission of pressure and energy at the
best weight per horsepower ratio.

9-27. TYPES OF HYDRAULIC FLUID.
There are three principal categories of hydrau-
lic fluids; mineral base fluids, polyalphaolefin
base, and phosphate ester base fluids. When
servicing a hydraulic system, the technician
must be certain to use the correct category of
replacement fluid. Hydraulic fluids are not
necessarily compatible. For example, con-
tamination of the fire-resistant fluid

Par 9-25

MIL-H-83282 with MIL-H-5606 may render
the MIL-H-83282 non fire-resistant.

a. Mineral-Base Fluids. MIL-H-5606,
mineral oil-based hydraulic fluid is the oldest,
dating back to the 1940’s. It is used in many
systems, especially where the fire hazard is
comparatively low. MIL-H-6083 is simply a
rust-inhibited version of MIL-H-5606. They
are completely interchangeable.  Suppliers

generally ship hydraulic components with
MIL-H-6083.

b. Polyalphaolefin-Based Fluids.
MIL-H-83282, is a fire-resistant hydrogenated
polyalphaolefin-based fluid developed in the
1960’s to overcome the flammability charac-
teristics of MIL-H-5606. MIL-H-83282 is
significantly more flame resistant than
MIL-H-5606, but a disadvantage is the high
viscosity at low temperature. It is generally
limited to -40 *F. However, it can be used in
the same system and with the same seals, gas-
kets, and hoses as  MIL-H-5606.
MIL-H-46170 is the rust-inhibited version of
MIL-H-83282. Small aircraft predominantly
use MIL-H-5606 but some have switched to
MIL-H-83282, if they can accommodate the
high viscosity at low temperature.

¢. Phosphate Ester-Based Fluid (Sky-
drol/Hyjet). These fluids are used in most
commercial transport category aircraft, and are
extremely fire-resistant. However, they are not
fireproof and under certain conditions, they
will burn. The earliest generation of these
fluids was developed after World War II as a
result of the growing number of aircraft hy-
draulic brake fires which drew the collective
concern of the commercial aviation industry.

(1) Progressive development of these

fluids occurred as a result of performance re-
quirements of newer aircraft designs. The
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airframe manufacturers dubbed these new gen-
erations of hydraulic fluid as “types” based on
their performance. Today, types IV and V
fluids are used. Two distinct classes of type
IV fluids exist based on their density: class I
fluids are low density and class II are standard
density. The class I fluids provide weight
savings advantages versus class 1I. Monsanto
and Exxon are the suppliers of the type IV
phosphate ester-based aviation hydraulic flu-
ids.

(2) In addition to the type IV fluids that
are currently in use, type V fluids are being
developed in response to industry demands for
a more thermally stable fluid at higher operat-
ing temperatures. Type V fluids will be more
resistant to hydrolytic and oxidative degrada-
tion at high temperature than the type IV flu-
ids.

d. Materials of Construction. Hydraulic
systems require the use of special accessories
that are compatible with the hydraulic fluid.
Appropriate seals, gaskets, and hoses must be
specifically designated for the type of fluid in
use. Care must be taken to ensure that the
components installed in the system are com-
patible with the fluid. When gaskets, seals,
and hoses are replaced, positive identification
should be made to ensure that they are made of
the appropriate material.

(1) Phosphate ester-based hydraulic
fluids have good solvency properties and may
act as plasticizer for certain polymers. Care
should be taken in handling to keep the fluid
from spilling on plastic materials and paint
finishes.

(2) If a small amount of the fluid is
spilled during handling, it must be cleaned up
immediately with a dry cloth. When larger
quantities are spilled, an absorbent sweeping
compound is recommended. A final cleaning
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with an approved solvent or detergent should
remove any traces of fluid.

9-28. HANDLING HYDRAULIC FLUID.
In addition to any other instructions provided
in the aircraft maintenance manual or by the
fluid supplier, the following general precau-
tions must be observed in the handling of hy-
draulic fluids:

a. Ensure that each aircraft hydraulic
system is properly identified to show the kind
of fluid to be used in the system. Identifica-
tion at the filler cap or valve must clearly show
the type of fluid to be used or added.

b. Never allow different categories of hy-
draulic fluids to become mixed. Chemical re-
actions may occur, fire resistant fluids may
lose their fire resistance, seals may be dam-
aged, etc.

c¢. Never, under any circumstances, serv-
ice an aircraft system with a fluid different
from that shown on the instruction plate.

d. Make certain that hydraulic fluids and
fluid containers are protected from contamina-
tion of any kind. Dirt particles may cause hy-
draulic units to become inoperative, cause seal
damage, etc. If there is any question regarding
the cleanliness of the fluid, do not use it.
Containers for hydraulic fluid must never be
left open to air longer than necessary.

e. Do not expose fluids to high tempera-
ture or open flames. Mineral-based fluids are
highly flammable.

f. The hydrocarbon-based hydraulic
fluids are, in general, safe to handle. To work
with these fluids, reasonable handling proce-
dures must always be followed. Take precau-
tion to avoid fluid getting in the eyes. If fluid
contacts the eye, wash immediately with wa-
ter.
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technician refer to the troubleshooting infor-
mation furnished by the manufacturer.

(1) Lack of pressure in a system can be
caused by a sheared pump shaft, defective re-
lief valve, the pressure regulator, an unloading
valve stuck in the “kicked-out” position, lack
of fluid in the system, the check valve installed
backward, or any condition that permits free
flow back to the reservoir or overboard. If a
system operates satisfactorily with a ground
test unit but not with the system pump, the
pump should be examined.

(2) If a system fails to hold pressure in
the pressure section, the likely cause is the
pressure regulator, an unloading valve, a leak-
ing relief valve, or a leaking check valve.

(3) If the pump fails to keep pressure up
during operation of the subsystem, the pump
may be wormn or one of the pressure-control
units may be leaking.

(4) High pressure in a system may be
caused by a defective or improperly-adjusted
pressure regulator, an unloading valve, or by
an obstruction in a line or control unit.

(5) Unusual noise in a hydraulic sys-
tem, such as banging and chattering, may be
caused by air or contamination in the system.
Such noises can also be caused by a faulty
pressure regulator, another pressure-control
unit, or a lack of proper accumulator action.

(6) Maintenance of hydraulic system
components involves a number of standard
practices together with specialized procedures
set forth by manufacturers such as the re-
placement of valves, actuators, and other
units, including tubing and hoses. Care should
be exercised to prevent system contamination
damage to seals, packings, and other parts, and
to apply proper torque in connecting fittings.
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When installing fittings, valves, etc. always
lubricate the threads with hydraulic fluid.

(7) Overhaul of hydraulic and pneu-
matic units is usually accomplished in ap-
proved repair facilities; however, replacement
of seals and packings may be done from time
to time by technicians in the field. When a
unit is disassembled, all O-ring and Chevron
seals should be removed and replaced with
new seals. The new seals must be of the same
material as the original and must carry the cor-
rect manufacturer’s part number. No seal
should be installed unless it is positively iden-
tified as the correct part and the shelf life has
not expired.

(8) When installing seals, care should
be exercised to ensure that the seal is not
scratched, cut, or otherwise damaged. When it
is necessary to install a seal over sharp edges,
the edges must be covered with shim stock,
plastic sheet, or electrical tape.

(9) The replacement of hydraulic units
and tubing usually involves the spillage of
some hydraulic fluid. Care should be taken to
ensure that the spillage of fluid is kept to a
minimum by closing valves, if available, and
by plugging lines immediately after they are
disconnected. All openings in hydraulic sys-
tems should be capped or plugged to prevent
contamination of the system.

(10) The importance of the proper
torque applied to all nuts and fittings in a sys-
tem cannot be over-emphasized. Too much
torque will damage metal and seals, and too
little torque will result in leaks and loose parts.
The proper torque wrenches with the appropri-
ate range should be used in assembling system
units.

f. Disposal of Used Hydraulic Fluids. In
the absence of organizational guidelines, the
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technician should be guided by local, state, and
federal regulations, with regard to means of
disposal of used hydraulic fluid. Presently, the
most universally accepted procedure for dis-
posal of phosphate ester-based fluid is incin-
eration.

9-30. HYDRAULIC LINES AND FIT-
TINGS. Carefully inspect all lines and fittings
at regular intervals to ensure airworthiness.
Investigate any evidence of fluid loss or leaks.
Check metal lines for leaks, loose anchorage,
scratches, kinks, or other damage. Inspect fit-
tings and connections for leakage, looseness,
cracks, burrs, or other damage. Replace or re-
pair defective elements. Make sure the lines
and hoses do not chafe against one another and
are correctly secured and clamped.

a. Replacement of Metal Lines. When
inspection shows a line to be damaged or de-
fective, replace the entire line or, if the dam-
aged section is localized, a repair section may
be inserted. In replacing lines, always use
tubing of the same size and material as the
original line. Use the old tubing as a template
in bending the new line, unless it is too greatly
damaged, in which case a template can be
made from soft iron wire. Soft aluminum
tubing (1100, 3003, or 5052) under Y-inch
outside diameter may be bent by hand.. For all
other tubing use an acceptable hand or power
tube-bending tool. Bend tubing carefully to
avoid excessive flattening, kinking, or wrin-
kling. Minimum bend radii values are shown
in table 9-2. A small amount of flattening in
bends is acceptable, but do not exceed
75 percent of the original outside diameter.
Excessive flattening will cause fatigue failure
of the tube. When installing the replacement
tubing, line it up correctly with the mating part
so that it is not forced into alignment by tight-
ening of the coupling nuts.

b. Tube Connections. Many tube con-
nections are made using flared tube ends with
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standard connection fittings: AN-818
(MS 20818) nut and AN-819 (MS 20819)
sleeve. In forming flares, cut the tube ends
square, file smooth, remove all burrs and sharp
edges, and thoroughly clean. The tubing is
then flared using the correct 37-degree aviation
flare forming tool for the size of tubing and
type of fitting. A double flare is used on soft
aluminum tubing 3/8-inch outside diameter
and under, and a single flare on all other tub-
ing. In making the connections, use hydraulic
fluid as a lubricant and then tighten. Over-
tightening will damage the tube or fitting,
which may cause a failure. Under-tightening
may cause leakage which could result in a
system failure.

CAUTION: Mistaken wuse of
45-degree automotive flare forming
tools may result in improper tubing
flare shape and angle; causing misfit,
stress and strain, and probable system
failure.

c¢. Repair of Metal Tube Lines. Minor
dents and scratches in tubing may be repaired.
Scratches or nicks not deeper than 10 percent
of the wall thickness in aluminum alloy tubing,
that are not in the heel of a bend, may be re-
paired by burnishing with hand tools. Replace
lines with severe die marks, seams, or splits in
the tube. Any crack or deformity in a flare is
unacceptable and cause for rejection. A dent
less than 20 percent of the tube diameter is not
objectionable unless it is in the heel of a bend.
A severely-damaged line should be replaced;
however, it may be repaired by cutting out the
damaged section and inserting a tube section
of the same size and material. Flare both ends
of the undamaged and replacement tube sec-
tions and make the connection by using stan-
dard unions, sleeves, and tube nuts. If the
damaged portion is short enough, omit the in-
sert tube and repair by using one union and
two sets of connection fittings.
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TABLE 9-2. Tube data.
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Wrench torque for tightening AN-818 Nut (pound inch) Minimum bend radii
Dash Nos. | Tubing OD Aluminum-alioy tubing Steel tubing Aluminum-alloy tubing measured to tubing
Ref. inches (Flare MS33583) for use centerline. Dimension
Minimum | Maximum | Minimum | Maximum on oxygen lines only in inches.
Minimum Maximum Alum. Steel
Alloy
-2 1/8 20 30 75 85 - - 3/8 -
-3 3/16 25 35 95 105 - - 7/16 21/32
4 1/4 50 85 135 150 - - 9/16 7/8
-5 5/16 70 90 170 200 100 125 34 1-1/8
-6 38 110 130 270 300 200 250 15/16 1-5/16
-8 117 230 280 450 500 300 400 1-1/4 1-3/4
-10 5/8 330 360 650 700 - - 1-1/2 2-3116
-12 3/4 460 500 900 1000 - - 1-3/4 2-5/8
16 1 500 700 1200 1400 - - 3 31
20 1-1/4 800 900 1520 1680 - - 3-3/4 4-3/8
24 1-172 800 900 1900 2100 - - 5 5-1/4
-28 1-3/4 - - - - - - - -
-32 2 1800 2000 2660 2940 - - 8 7

d. Replacement of Flexible Lines. When
replacement of a flexible line is necessary, use
the same type, size, part number, and length of
hose as the line to be replaced. Check TSO
requirements. If the replacement of a hose
with a swaged-end type fitting is necessary,
obtain a new hose assembly of the correct size
and composition. Certain synthetic oils re-
quire a specially compounded synthetic rubber
hose, which is compatible. Refer to the air-
craft manufacturer’s service information for
the correct part number for the replacement
hose. If the fittings on each end are of the cor-
rect type or sleeve type, a replacement may be
fabricated as shown in figure 9-8. Before cut-
ting new flexible wire braided hose to the
proper size, tape the hose tightly with masking
tape and cut in the center of the masking tape
to prevent fraying. The use of a mandrel will
prevent cutting the inside of the hose when in-
serting the fittings. Typical aircraft hose
specifications and their uses are shown in ta-
ble 9-3. Install hose assemblies without
twisting. (See figure 9-9.) A hose should not
be stretched tight between two fittings as this
will result in overstressing and eventual fail-
ure. The length of hose should be sufficient to
provide about 5 to 8 percent slack. Avoid tight
bends in flex lines as they may result in
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failure. Never exceed the minimum bend radii
as indicated in figure 9-10.

(1) Teflon hose is used in many aircraft
systems because it has superior qualities for
Teflon is compounded
from tetrafluoroethylene resin which is unaf-
fected by fluids normally used in aircraft. It
has an operating range of -65°F to 450 °F. For I
these reasons, Teflon is used in hydraulic and
engine lubricating systems where temperatures
and pressures preclude the use of rubber hose.
Although Teflon hose has excellent perform-
ance qualities, it also has peculiar characteris-
tics that require extra care in handling. It tends
to assume a permanent set when exposed to
high pressure or temperature. Do not attempt
to straighten a hose that has been in service.
Any excessive bending or twisting may cause
kinking or weakening of the tubing wall. Re-
place any hose that shows signs of leakage,
abrasion, or kinking. Any hose suspected of
kinking may be checked with a steel ball of

certain applications.

proper size.

sizes.

)
able

type,

a replacement

Table 9-4 shows hose and ball
The ball will not pass through if the
hose is distorted beyond limits.

If the hose fittings are of the reus-
hose may be
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fabricated as described in figure 9-8. Refer to
figure 9-10 for minimum bend radii. When a
hose assembly is removed, the ends should be
tied as shown in figure 9-11, so that the pre-
formed shape will be maintained. Refer to
figure 9-12 for minimum bend radii for teflon
hose.

(3) All flexible hose installations should
be supported at least every 24 inches. Closer
supports are preferred. They should be care-
fully routed and securely clamped to avoid
abrasion, kinking, or excessive flexing. Ex-
cessive flexing may cause weakening of the
hose or loosening at the fittings.

e. O-Ring Seals. An understanding of O-
ring seal applications is necessary to determine
when replacement should be made. The sim-
plest application is where the O-ring merely
serves as a gasket when it is compressed
within a recessed area by applying pressure
with a packing nut or screw cap. Leakage is
not normally acceptable in this type of instal-
lation. In other installations, the O-ring seals
depend primarily upon their resiliency to ac-
complish their sealing action. When moving
parts are involved, minor seepage may be
normal and acceptable. A moist surface found
on moving parts of hydraulic units is an indi-
cation the seal is being properly lubricated.
In pneumatic systems, seal lubrication is pro-
vided by the installation of a grease-
impregnated felt wiper ring. When systems
are static, seepage past the seals is not nor-
mally acceptable.

f. Storage of replacement seals.
(1) Store O-ring seals where tempera-

ture does not exceed 120° F.

(2) Keep seals packaged to avoid expo-
sure to ambient air and light, particularly sun-
light.
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g. During inspection, consider the fol-
lowing to determine whether seal replacement
1S necessary.

(1) How much fluid is permitted to seep
past the seals? In some installations minor
seepage is normal. Refer to the manufacturer’s
maintenance information.

(2) What effect does the leak have on
the operation of the system? Know the sys-
tem.

(3) Does the leak of fluid create a haz-
ard or affect surrounding installations? A
check of the system fluid and a knowledge of
previous fluid replenishment is helpful.

(4) Will the system function safely
without depleting the reservoirs until the next
inspection?

h. Do’s and Don’ts that apply to O-ring
seals.

(a) Correct all leaks from static seal
installations.

(b) Don’t retighten packing gland
nuts; retightening will, in most cases, increase
rather than decrease the leak.

(c) Never reuse O-ring seals because
they tend to swell from exposure to fluids, and
become set from being under pressure. They
may have minor cuts or abrasions that are not
readily discernible by visual inspection.

(d) Avoid using tools that might
damage the seal or the sealing surface.

(¢) Do not depend upon color-
coding. Coding may vary with manufacturer

(f) Be sure that part number is correct

(g) Retain replacement seals in their
package until ready for use. This provides
proper identification and protects the seal from
damage and contamination.

(h) Assure that the sealing surfaces
are clean and free of nicks or scratches before
installing seal.
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(i) Protect the seal from any sharp
surfaces that it may pass over during installa-
tion. Use an installation bullet or cover the
sharp surfaces with tape.

(j) Lubricate the seal so it will slide
into place smoothly.

(k) Be sure the seal has not twisted
during installation.

i. Hydraulic System Pressure Test.
When a flexible hose has been repaired or
overhauled using existing hardware and new
hose material, before the hose is installed on
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the aircraft it is recommended that the hose is
tested to at least 1.5 system pressure. A new
hose can be operationally checked after it is in-
stalled in the aircraft using system pressure.

j- Hydraulic Components. Hydraulic
components such as pumps, actuating cylin-
ders, selector valves, relief valves, etc., should
be repaired or adjusted following the airplane
and component manufacturer’s instructions.
Inspect hydraulic filter elements at frequent
intervals and replace as necessary.
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TABLE 9-4. Ball diameters for testing hose restrictions

or kinking.
HOSE SIZE : BALL SIZE
-4 5/64
-5 9/64
-6 13/64
-8 9/32
-10 3/8
-12 117
-16 47/64
-20 61/64

FIGURE 9-11. Suggested handling of preformed hose.
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SECTION 3. EMERGENCY EQUIPMENT

9-37. LIFE RAFTS. Inflatable life rafts are
subject to general deterioration due to aging.
Experience has indicated that such equipment
may be in need of replacement at the end of
5 years due to porosity of the rubber-coated
material. Wear of such equipment is acceler-
ated when stowed on board aircraft because of
vibration which causes chafing of the rubber-
ized fabric. This ultimately results in localized
leakage. Leakage is also likely to occur where
the fabric is folded because sharp comers are
formed. When these comners are in contact
with the carrying cases or with adjacent parts
of the rubberized fabric, they tend to wear
through due to vibration (Ref: TSO-C70a).

a. When accomplishing maintenance,
repair, and inspection of unpacked rafts, per-
sonnel should not step on any part of the raft
or flotation tubes while wearing shoes. Rafts
should not be thrown or dropped, since dam-
age to the raft or accessories may result. Par-
ticular care should be exercised at all times to
prevent snagging, cutting, and contact with
gasoline, acids, oils, and grease. High stan-
dards of performance for proper maintenance,
inspection, and repair cannot be overempha-
sized, since the lives of passengers could be
involved.

b. Inspection and inflation tests, when
applicable, will be accomplished during stor-
age and after installation in an aircraft in ac-
cordance with the manufacturer’s specifica-
tions and/or FAA-approved procedures. Ac-
cessory items will be installed during these in-
spections. A raft knife will be attached by a
24-inch nylon lanyard to the mooring eye lo-
cated above the CO, cylinder case to enable
rapid cutting of the mooring line.

9-38. LIFE RAFT INSPECTIONS. In-

spection of life rafts should be performed in
accordance with the manufacturer’s
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specifications. General inspection procedures
to be performed on most life rafts are as fol-
lows.

CAUTION: Areas where life rafts are
inspected or tested must be smooth,
free of splinters, sharp projections,
and oil stains. Floors with abrasive
characteristics, such as concrete or
rough wood, will be covered with un-
treated tarpaulins or heavy clean pa-
per.

a. Inspect life rafts for cuts, tears, or
other damage to the rubberized material. If the
raft is found to be in good condition, remove
the CO, bottle(s) and inflate the raft with air to
a pressure of 2 psi. The air should be intro-
duced at the fitting normally connected to the
CO, bottle(s). After at least 1 hour, to allow
for the air within the raft to adjust itself to the
ambient temperature, check pressure and ad-
just, if necessary, to 2 psi and allow the raft to
stand for 24 hours. If, after 24 hours, the pres-
sure is less than 1 psi, examine the raft for
leakage by using soapy water. In order to
eliminate pressure variations due to tempera-
ture differences at the time the initial and final
reading are taken, test the raft in a room where
the temperature is fairly constant. If the pres-
sure drop is satisfactory, the raft should be
considered as being in an airworthy condition
and returned to service after being fitted with
correctly charged CO, bottles as determined by
weighing them. Rafts more than 5 years old
are likely to be unairworthy due to deteriora-
tion. It is suggested that serviceable rafts be
marked to indicate the date of inspection and
that soapstone be used when folding them pre-
paratory to insertion into the carrying case.
Take care to see that all of the raft’s required
equipment is on board and properly stowed. If
the raft lanyard, used to prevent the raft from
floating away from the airplane, is in need of
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replacement, use a lanyard not less than 20 feet
long and having a breaking strength of about
75 pounds.

b. It is recommended that the aforemen-
tioned procedure be repeated every 18 months
using the CO, bottle(s) for inflation. If a sin-
gle bottle is used for inflating both compart-
ments, it should be noted whether the inflation
is proceeding equally to both compartments.
Occasionally, the formation of ‘“carbon-
dioxide snow” may occur in one passage of the
distribution manifold and divert a larger vol-
ume of gas to one compartment, which may
burst if the mattress valve is not open to re-
lieve the pressure. If the pressure is satisfac-
tory, return the raft to service in accordance
with the procedure outlined.

¢. Inspect the CO, cylinder for evidence
of cross-threading or stripping.

d. Inspect the CO, bottle inflation valve
cable rigging as follows.

(1) Remove the screws that attach the
cover plate to the valve and remove the cover
plate.

(2) Inspect the firing line cable ball
swage for engagement in the correct recess for
either “Upward Pull” or “Downward Pull.”
The cable will be wrapped around the sheave
approximately 270 degrees.

(3) Reposition the cable ball swage as
required. (See figure 9-12.)

(4) Replace the cover plate. The green
dot on the sheave should be visible through the
window in the cover plate, indicating a
charged cylinder.

e. Check the CO, cylinder release cable
and housing for condition and security.
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f. Make sure the safety deflector is re-
moved from the cylinder outlet before con-
necting the cylinder to the raft. (See
figure 9-12.)

g. Stencil the life raft’s inspection date on
the raft.

9-39. SURVIVAL KIT INSPECTION.

a. Survival Kit Contents. Each raft ac-
commodating passengers or crew members
should contain, as a minimum, the following:

Hand Pump (if required)
Desalting Kit, First-Aid Kit
Mirror/Reflector
Emergency Rations
Tarpaulins
Fishing Kit
Raft Knife
Compass
Protective Ointment (Sunburn)
Oars
Emergency Water Containers
Repair Kits
Signal Flares
Carrying Case
Locator Beacon and Battery
Lines and Anchor
Police Whistle
Flashlight
Thermal Protective Aid
Light-sticks
Solar Still Kit
Survival Manual
Duct Tape
Plastic Trash Bags
Accessory Containers

- Bailing Bucket

- Sponge
Dye Marker

Par 9-38






9/27/01

appears to have been tampered with, the para-
chute must be repacked by a properly certified

rigger.

b. Safety Belts shall be of an approved
type. All seat belts and restraint systems must
conform to standards established by the FAA.
These standards are contained in Technical
Standard Order TSO C22 for seat belts and
TSO C114 for restraint systems.

(1) Safety belts eligible for installation
in aircraft must be identified by the proper
TSO markings on the belt. Each safety belt
must be equipped with an approved metal to
metal latching device.  Airworthy type-
certificated safety belts currently in aircraft
may be removed for cleaning and reinstalled.
However, when a TSO safety belt is found
unairworthy, replacement with a new
TSO-approved belt or harness is required.

(2) The webbing of safety belts, even
when mildew-proofed, is subject to deteriora-
tion due to constant use, cleaning, and the ef-
fects of aging. Fraying of belts is an indication
of wear, and such belts are likely to be unair-
worthy because they can no longer hold the
minimum required tensile load.

(3) Safety belts shall be repaired in
accordance with specifications approved by
the responsible FAA ACO.

9-47. OXYGEN SYSTEMS. The following
instructions are to serve as a guide for the in-
spection and maintenance of aircraft oxygen
systems. The information is applicable to both
portable and permanently-installed equipment.

a. Aircraft Gaseous Oxygen Systems.
The oxygen in gaseous systems is supplied
from one or more high- or low-pressure oxy-
gen cylinders. Since the oxygen is compressed
within the cylinder, the amount of pressure in-
dicated on the system gauge bears a direct re-
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lationship to the amount of oxygen contained
in the cylinder. The pressure-indicating line
connection is normally located between the
cylinder and a pressure-reducing valve.

NOTE: Some of the gaseous oxygen
systems do not use pressure-reducing
valves. The high pressure is reduced
to a useable pressure by a regulator.
This regulator is located between the
high- and low-pressure system.

CAUTION: Oxygen rich environ-
ments are dangerous.

b. Portable Oxygen Systems. The three
basic types of portable oxygen systems are:
demand, pressure demand, and continuous
flow. The components of these systems are
identical to those of a permanent installation
with the exception that some parts are minia-
turized as necessary. This is done in order that
they may be contained in a case or strapped
around a person’s shoulder. It is for this port-
ability reason that special attention be given to
assuring that any storage or security provision
for portable oxygen equipment in the aircraft is
adequate, in good condition, and accessible to
the user.

NOTE: Check portable equipment
including its security provisions fre-
quently, since it is more susceptible to
personnel abuse than a permanently-
installed system.

9-48. INSPECTION. Hands, clothing, and
tools must be free of oil, grease, and dirt when
working with oxygen equipment. Traces of
these organic materials near compressed oxy-
gen may result in spontaneous combustion,
explosions, and/or fire.

a. Oxygen Tanks and Cylinders. In-
spect the entire exterior surface of the cylinder

for indication of abuse, dents, bulges, and strap
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chafing.

(1) Examine the neck of cylinder for
cracks, distortion, or damaged threads.

(2) Check the cylinder to determine if
the markings are legible.

(3) Check the date of the last hydro-
static test. If the periodic retest date is past, do
not return the cylinder to service until the test
has been accomplished.

(4) Inspect the cylinder mounting
bracket, bracket hold-down bolts, and cylin-
der-holding straps for cracks, deformation,
cleanliness, and security of attachment.

(5) In the immediate arca where the
cylinder is stored or secured, check for evi-
dence of any types of interference, chafing, de-
formation, or deterioration.

b. Lines and Fittings.
(1) Inspect oxygen lines for chafing,
corrosion, flat spots and irregularities, i.e.,

sharp bends, kinks, and inadequate security.

(2) Check fittings for corrosion around
the threaded area where lines are joined. Pres-

surize the system and check for leaks. (See
paragraph 9-49b(2)(d).)
CAUTION: In pressurizing the sys-

tem, actuate the valve slowly to avoid
surging which could rupture the line.

c. Regulators, Valves, and Gauges.

(1) Examine all parts for cracks, nicks,
damaged threads or other apparent damage.

(2) Actuate the regulator controls and
the valve to check for ease of operation.
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(3) Determine if the gauge is function-
ing properly by observing the pressure build-
up and the return to zero when the system
oxygen is bled off.

d. Masks and Hoses.

(1) Check the oxygen mask for fabric
cracks and rough face seals. If the mask is a
full-face model, inspect the glass or plastic for
cleanliness and state of repair.

(2) When appropriate, with due regard
to hygienic considerations, the sealing quali-
ties of an oxygen mask may be tested by plac-
ing a thumb over the connection at the end of
the mask tube and inhaling very lightly. Re-
move the thumb from the disconnect after each
continuous inhalation. If there is no leakage,
the mask will adhere tightly to the face during
inhalation, and definite resistance to inhalation
will be noticeable.

(3) Flex the mask hose gently over its
entirety and check for evidence of deteriora-
tion or dirt.

(4) Examine the mask and hose storage
compartment for cleanliness and general con-
dition.

(5) If the mask and hose storage com-
partment is provided with a cover or release
mechanism, thoroughly check the operation of
the mechanism.

9-49. MAINTENANCE.

a. Oxygen Tanks, Cylinders, and Hold-
Down Brackets.

(1) Remove from service any cylinders
that show signs of abuse, dents, bulges, cracks,
distortion, damaged thread, or defects which
might render them unsafe. Typical examples
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of oxygen cylinder damage are shown in fig-
ure 9-14.

(2) When replacing an oxygen cylinder,
be certain that the replacement cylinder is of
the same size and weight as the one removed.

DENT CRACK

CRACK

FIGURE 9-14. Oxygen cylinder damage.

NOTE: Cylinders having greater
weight or size will require strength-
ened cylinder mounting brackets and
a reevaluation to determine that the
larger or heavier cylinder will not in-
terfere with adjacent systems, compo-
nents, or structural members, and
that the strength of attaching struc-
ture is adequate and any additional
weight will be computed into the air-
craft’s weight and balance report.

(3) Replace or repair any cylinder
mounting brackets that show signs of wear.
Visible cracks may be welded in accordance

AC 43.13-1BCHG 1

with manufacturer’s standards. Replace the
cylinder straps or clamps that show wear or
abuse. For typical mounting bracket cracks
and failure, see figure 9-15.

b. Lines and Fittings.

(1) Replace any oxygen line that is
chafed, rusted, corroded, dented, cracked, or
kinked.

(2) Clean oxygen system fittings
showing signs of rusting or corrosion in the
threaded area. To accomplish this, use a
cleaner recommended by manufacturers of
oxygen equipment. Replace lines and fittings
that cannot be cleaned.

(a) The high-pressure lines which are
located between the oxygen bottle (outside the
oxygen service filler) and the regulator are
normally fabricated from stainless steel or
thick-wall, seamless copper alloy tubing. The
fittings on high-pressure lines are normally
silver brazed.

NOTE: Use silver alloys free of cad-
mium when silver brazing. The use of
silver brazing alloys, which contain
cadmium, will emit a poisonous gas
when heated to a molten state. This
gas is extremely hazardous to health if
inhaled.

CHECK FOR LOOSE RIVET

CHECK FOR CRACKS
IN COVER PLATE

FIGURE 9-15. Cylinder brackets and clamps.
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(b) The low-pressure lines extend
from the pressure regulator to each passenger
and crew oxygen outlet. These lines are fabri-
cated from seamless aluminum alloy, copper,
or flexible hose. Normally, flare- or flange-
type connections are used.

CAUTION: Do not allow oil, grease,
flammable solvent, or other combusti-
bles such as lint or dust to come in
contact with threads or any parts that
will be exposed to pressurized oxygen.

(c¢) It is advisable to purge the oxy-
gen system any time work has been accom-
plished on any of the lines and fittings. Use
dry nitrogen or dry air for purging the system.
All open lines should be capped immediately
after purging.

(d) When oxygen is being lost from a
system through leakage, a sequence of steps
may be necessary to locate the opening. Leak-
age may often be detected by listening for the
distinct hissing sound of escaping gas. If this
check proves negative, it will be necessary to
soap-test all lines and connections with a cas-
tile soap and water solution or specially com-
pounded leak-test material. Make the solution
thick enough to adhere to the contours of the
fittings. At the completion of the leakage test,
remove all traces of the soap and water.

CAUTION: Do not attempt to tighten
any connections while the system is
charged.

¢. Regulators, Valves, and Gauges. Line
maintenance of oxygen regulators, valves, and
gauges does not include major repair. These
components are precision made and their re-
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